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EXECUTIVE SUMMARY 

The Department of Energy is requesting that the State of Colorado designate a Corrective Action 
Management Unit (CAMU) for bulk storage of remediation wastes at the Rocky Flats Environmental 
Technology Site (RFETS). This facility would be known as the Remediation Waste Storage Facility 
(RWSF). This C A W  designation is being requested as an option to facilitate risk reduction activities 
in support of site closure at RFETS. This designation would serve as a contingency in the event 
assumptions in the Ten Year Plan (DOE 1996a) regarding offsite disposal capabilities prove to be 
invalid and onsite storage capabilities become necessary to facilitate risk reduction. This CAMU 
designation would be used in conjunction with a CAMU designation for a containerized storage 
facility. The CAMU designation would ensure that waste management logistics associated with onsite 
storage and offsite disposal capabilities would not impact schedules for risk reduction at RFETS. 

The lack of complete site characterization data for RFETS environmental media (especially in the 
Industrial Area) and Deactivation and Decommissioning (D&D) waste results in a wide range of waste 
volume estimates. Current volume estimates for remediation wastes are approximately 94,000 cubic 
meters but have ranged up to over 300,000 cubic meters. This high degree of uncertainty in waste 
volume estimates and hture offsite disposal resources underscores a need for a flexible waste 
management strategy in order to achieve cost-effective and timely site closure. Utilizing a 
combination of bulk and containerized storage as contingencies in the event that actual waste 
volumes exceed estimates in the Ten Year Plan, or offsite disposal capabilities limit waste shipment, 
would allow risk reduction activities to proceed and site closure to continue. 

The CAMU designation request is presented in the form of this Interim Measures/lnterim Remedial 
Action ( IWRA) Decision Document and Application Support Document. The CAMU-designated 
RWSF would support a cost-effective, flexible, and achievable remediation waste management 
contingency for onsite storage at RFETS. The overall objective of this document is to support a 
State CAMU designation by providing the rationale and a proposed alternative that support the goals 
of the Rocky Flats Cleanup Agreement (RFCA) (DOE 1996b) and the Ten Year Plan. The CAMU 
would support the RFCA goal (Preamble, B2 [a]) of initially controlling sources of contamination as 
a priority over off-site shipment. 

Only remediation wastes would be managed in this facility. Remediation waste types would include 
contaminated soil collected from cleanup actions; treated and untreated sludge and sediments; Toxic 
Substance Control Act waste, such as asbestos and PCBs; treatment by-products from groundwater, 
surface water, and/or soil remedial actions; investigation derived materials (i.e. drill cuttings) from 
past and future characterization activities; and decontamination waste which has been characterized 
as hazardous, low-level radioactive, or low-level mixed waste. It is the intent of DOE to request a 
CAMU for storage only. The request that CDPHE make a finding of fact as to whether the proposed 
facility also meets the requirements for a disposal facility, as describe in paragraph 80 of RFCA, is 
deferred. A determination was not made on the period of operation of the RWSF. Closure of the 
facility would be in accordance with cleanup levels established in RFCA. 

This CAMU decision document details how the CAMU-designated RWSF supports risk reduction and 
eventual site closure in the following ways: 

0 The CAMU shall facilitate the implementation of reliable, effective, protective, and cost 
effective remedies. This would be implemented in accordance with the requirements of RFCA 
and serve as a contingency to the strategy detailed in the Ten Year Plan. 

This CAMU designation would support a flexible waste management strategy that emphasizes 
offsite remediation waste disposal, as described in the Ten,Year Plan, while recognizing the 

November 6, 1996 ES- I 



- ~/ER-9.5-010.5.WN, Rev. 0 
Draji Corrective Action Management Unit 

Interim Measurdlnterim Remedial Action Decision Document 
and Application Support Documen t 

for Rocky Flats Environmental Technology Site 

. . .. . . .  .. . . . . . .  

uncertainties associated with current remediation waste volume estimates and future disposal 
capabilities that may impact the ability to perform timely risk reduction. . 

0 The C A W  would focus resources on immediate risk reduction by deferring treatment costs not 
necessary to protect human health or the environment, and would focus resources on actual 
cleanup and source removal. 

0 The CAMU would allow DOE to achieve economies of scale, making treatment and eventual 
disposal less costly and more practical by consolidating remediation waste and addressing long 
term liability and safety issues. 

This decision document identifies applicable regulatory criteria for CAMU designation by the 
CDPHE and provides information on how the RWSF would meet these criteria. In addition, this 
document identifies the other appropriate criteria supporting the selection of the CAMU location 
and the conceptual design. National Environmental Policy Act (NEPA) values were also addressed 
within this selection process. Preliminary waste acceptance criteria, closure requirements, and a 
timeline are also included in this document. 

Based upon the screening and comparison of alternatives, a concrete-lined cell design (which would be 
constructed over a double-lined leachate detection and collection system) was proposed for a bulk 
storage CAMU. This facility would be located in the eastern portion of the Protective Area near the 
solar evaporation ponds (formerly Operable Unit 4). This CAMU would incorporate design features 
compliant with the Resource Conservation and Recovery Act (RCRA) Subtitle "C" requirements, as 
stated in the Code of Colorado Regulations (CCR) 6 CCR 1007-3, Part 264 Subpart N and required in 
Paragraph 80 of RFCA. An operational cover would limit exposure of waste to the environment. 
Each cell would consist of at least three separate internal modules, the final configuration being 
dependent upon waste management needs at the time of operation. The modules would each store up 
to 33,000 cubic yards of bulk remediation waste for a total of 100,000 cubic yards per cell. The 
facility would be expandable to up to four cells, as necessary, for a total facility capacity of 400,000 
cubic yards. 

\ 
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1.0 INTRODUCTION 

The document serves as the application for designation of the proposed Remediation Waste Storage 
Facility (RWSF) as a Resource Conservation and Recovery Act (RCRA) Corrective Action 
management Unit (CAMU). This Decision Document provides the United States Department of 
Energy’s (DOE) ‘technical justification and decision-making process for the option of siting and 
construction of a RWSF for storage of remediation waste, including Deactivation and 
Decommissioning (D&D) wastes, at the Rocky Flats Environmental Technology Site (RFETS) (see 
Figure 1-1). The CAMU designation is available as a regulatory alternative to facilitate the 
implementation of reliable, effective, protective and cost-effective remedies. 

The strategy for site closure is detailed in the DOE 10 Year Plan (Ten Year Plan) for RFETS (DOE 
1996a). This plan assumes that closure is linked to a policy of aggressive offsite shipment of waste. 
Assumptions in the plan that support schedules for both environmental restoration (ER) and building 
D&D include the availability of offsite facilities to accept the waste in a timely manner, onsite 
storage capabilities to facilitate shipment, and waste volume estimates. Uncertainties are associated 
with the current waste volume estimates due to a lack of thorough ER site and building 
characterization data. In addition, there are uncertainties associated with the availability of offsite 
disposal resources that may impact waste shipments. Changes from the assumptions described above 
could significantly impact the DOE’S ability to perform timely risk reduction and eventual closure of 
RFETS. The CAMU designation for both bulk and containerized waste storage is necessary as a 
contingency to achieve the targeted ten-year cleanup goals These CAMU designations are requested 
to ensure that the ability to perform risk reduction activities would not be impacted in the event 
assumptions that drive the schedules in the Ten Year Plan are not valid. 

The type of wastes to be managed at RFETS would be remediation wastes consisting of low-level, 
low-level mixed, and hazardous ER wastes and D&D waste, which is amenable to bulk handling and 
storage. Low-level waste refers to waste forms that are not high-level waste, spent nuclear fuels, by- 
product material, or transuranic wastes and which generally have less than 100 nCi/g of transuranic 
radioactivity. 

Within this Decision Document is the information necessary for the Colorado Department of Public 
Health and Environment (CDPHE) to designate a CAMU with the RWSF being the facility used‘for 
storage. This CAMU designation by the CDPHE is required so that the CAMU/RWSF can be included 
as a regulated unit at RFETS. By having a CAMU designation, the DOE can meet the waste 
management objectives consistent with the recently signed Rocky Flats Cleanup Agreement (RFCA), 
July 19, 1996 (DOE 1996b). The importance of the CAMU option was also recognized by the State 
of Colorado Hazardous Waste Commission when it stated in the introduction of the CAMU 
Statement of Basis that a CAMU “can facilitate corrective actions” (Le., environmental cleanups at 
facilities like RFETS). The approval process for a CAMU is envisioned as a three-step process as 
follows: 

1. IM/IRA concept validation of the CAMU designation. Consisting of this IM/IRA Decision 
Document 

2. DesigdPreparation for Construction. Consisting of Title I1 design, Groundwater Monitoring 
Plan, Construction Quality Assurance Plan, Test Fill Plan, and Closure Plan 

November 6, 1996 1-1 



~~~~ ~~~ ~ ~ 

. . . . . . . . . . . .  .... , . . . . . . . . . . . . . . . .  . _..__ . . . . . . .  . . . . . . . . . . .  -~ . .  - .. 

l m o n  of VK >. 
hi Rangc ' Rocky R.u S1r m 
Area of detail ,* Denvcr 

C O I ~ O R A D O '  

4 m L r  

3904s 

Rocky Flats SHe. Golden. Cobrado 

I Location of the 

105W 

I 

105'15' 

. . . .  

. Morrison 
C r r r t  

S ' O  0 

Maram I& 

Q, 

I 

Frederick e FL I.upion I 

' Brighton 

Ban I n t C  
Rcxwar 

DWcIby 
'\ CanmerccCiy 

/ \ 1-70 
'- --., 

, 



. _  . -. 

0 

e 

RF/ER-95-0105. UN, Rev. 0 
Draft Corrective Action Management Unit 

Interim Measurehterim Remedial Action Decision Document 
and Application Support Documen t 

for Rocky Flats Environmental Technology Site 

3 .  ConstructiodPreparation for Operations. Including Inspection, Operation, Waste Acceptance, 
Emergency and Security Plans 

All phases would have State and and public imput and Final State approval. 

The CAMU area being sought through this Decision Document would be located within the eastern 
portion of the Protected Area (PA) of RFETS (see Section 7.1). Within this CAMU area, an above- 
grade concrete-lined storage cell serving as the RWSF would be constructed to store remediation 
waste primarily in bulk form. The CAMU would consist of up to four concrete-lined cells, each 
designed to hold up to 100,000 cubic yards (cu yd) of remediation waste for a total of 400,000 cu yd; 
the actual capacity, however, could be adjusted because of the conceptual modular design. Each cell 
would consist of at least three separate internal modules. The final configuration would be dependent 
on the waste management needs at the time of operation. The modules would each store up to 
33,000 cu yd of bulk remediation waste for a total of 100,000 cu yd per cell. Furthermore, this 
RWSF would incorporate retrieval and monitoring aspects. 

It is the intent of the DOE to request a CAMU for storage only, and that all waste would be removed 
from the RWSF prior to closure. The request that CDPHE make a finding of fact as to whether the 
proposed facility also meets the requirements for a disposal facility, as described in Paragraph 80 of 
RFCA, is deferred. 

1.1 DECISION DOCUMENT ORGANIZATION 

This Decision Document is structured to provide the information required to support the technical 
justification of the CAMU and to provide sufficient information for the CDPHE to designate the 
C A M .  This document also provides the decision-making process used by the DOE to arrive at the 
conclusion that a RWSF is required as a contingency to meet RFCA and Site Vision objectives. 

This document is divided into 9 sections with 8 appendices and is structured as the following 
sequential decision process: 

0 

0 

0 

This document identifies a need for a CAMU designation for waste storage. 

This document identifies the requirements for a bulk storage RWSF CAMU at RFETS. 

This document describes the RWSF alternatives analysis process, the recommended RWSF 
alternative, and how the proposed alternative meets the requirements previously identified. 

The document also discusses facility-specific issues including: 

e 

0 

0 General design requirements 

General monitoring requirements 

With the final selection of the concrete-lined waste cell, this document addresses each of the seven 
decision-making criteria contained in the State of Colorado Hazardous Waste Regulations under 6 

Waste characteristics and source volume estimates 

Conceptual waste acceptance criteria (WAC) 
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CCR 1007-3 Part 264.552 (Appendix A). By responding to these seven criteria, the DOE has 
demonstrated and documented the rationale for CDPHE to approve a CAMU. This is followed by an 
identification of the reqllirements that a CAMU would need to meet. This, in turn, is followed by an 
evaluation and recommendation of the specific type of CAMU needed to meet the requirements 
identified. 

This Introduction presents the objectives of the Decision Document, the role of the CAMU and 
RWSF at WETS, and a description and history of WETS. Section 2 provides a point-by-point 
discussion of how the proposed CAMU and RWSF meet each of the seven decision criteria under 
RCRA for the CAMU. It is these criteria which would be used by the CDPHE to make a CAMU 
determination. Waste characteristics of the material to be stored in the CAMU are presented in 
Section 3.0. 

The development of alternative actions and the selection of the preferred alternative for the 
management of low-level and low-level mixed, and hazardous remediation waste are presented in 
Section 4.0 through Section 6.0. Section 4.0 addresses substantive criteria as described in paragraphs 
80 and 109 of RFCA and regulatory requirements spelled out in 6 CCR 1007-3, Subpart S, Part 264, 
to obtain CDPHE approval for a CAMU (Appendix A). Section 5.0 describes how the final 
alternatives for a CAMU were developed. It includes a description of the screening methodology and 
the description and results of the two screening phases: the facility siting study and the facility design 
screen (Appendices B, C, D, and E). Section 6.0 describes the final comparison of alternatives and 
the rational for the selected remedy. Section 7.0 is a detailed discussion of the selected remedy (Le., 
the concrete-lined waste cell located in the eastern portion of the Protected Area). These details 
include a risk evaluation, waste acceptance criteria, facility operations, National Environmental 
Policy Act (NEPA) values, and a summary of the value engineering study. The schedule for the 
design and construction of the RWSF is presented in Section 8.0, and references are included in 
Section 9.0. 

1.2 CAMU DECISION DOCUMENT SCOPE AND OBJECTIVES 

The following two sections discuss the scope and objectives for this Decision Document. 

1.2.1 Scope Description 

All alternatives, including the “No Action” alternative, assume that the assumptions in the Ten Year 
Plan are no longer valid. The alternatives are evaluated in terms of a contingency supporting risk 
reduction goals while recognizing that offsite disposal, waste volume, and/or onsite storage 
assumptions have been impacted and no longer support the Ten Year Plan risk reductionhite closure 
schedules. In discussing the need for a storage facility, this document develops and evaluates the 
various alternatives available to manage remediation waste, including offsite disposal and various 
long-term storage. 

Included as part of the decision-making process are two screening phases used to narrow the various 
alternatives: 

A siting study to select a suitable location for onsite options 

A facility design aliernatives analysis to evaluate design alternatives for’onsite storage 

From the possible locations identified in the siting study, the best location was selected and then used 
as a basis for the facility design screen. All criteria and alternatives selected were developed based 

November 6. I996 1-4 



I. r -  RF/ER-95-0105. UN, Rev. 0 
Draft Corrective Action Management Unit 

Interim Measurdlnterim Remedial Action Decision Document 
and Application Support Documen t 

for Rocky Flats Environmental Technologv Site 

upon onsite storage. The exception was a no-action alternative that examined the impact of 
immediate offsite disposal as embodied in the Ten Year Plan. 

Pretreatment of remediation waste for specific Individual Hazardous Substance Sites (IHSSs) is not 
included in the scope of this document except for the purpose of cost estimating. This is because 
pretreatment is very specific to an IHSS action and specific waste types. The pretreatment discussion 
for each accelerated cleanup action would be included in Proposed Action Memorandum, Interim 
Measuresfinterim Remedial Action Decision Documents, and Proposed Plans, or Remedial Action 
Plans for each specific IHSS or group of IHSSs; allowing treatment to be tailored to the specific 
act ion. 

Waste acceptance criteria for the proposed RWSF would be addressed based on applicable RCRA and 
CERCLA requirements as well as applicable DOE policies. The types of requirements are described in 
Section 7.6, Conceptual Waste Acceptance Criteria. Waste acceptance criteria and operational 
details would be submitted during the design review and approval process. The scope of the Decision 
Document does not provide complete details of design, construction, startup, or operations; that 
information would be covered in subsequent documents following CDPHE designation of the CAMU. 

The ability to retrieve and monitor the remediation waste was considered an important part of the 
decision process, especially in terms of community acceptance. Specific details of environmental 
monitoring are not in the scope of this document; groundwater monitoring, however, is addressed in 
Section 7.1 ; a groundwater monitoring plan would be prepared. Air monitoring would be addressed in 
any required Air Pollutant Emission Notices (APENs) and air permitting. Most air monitoring would 
be focused on construction and operation activities. 

Closure plans would be prepared and submitted during the design review process. The disposal option 
discussed in RFCA paragraph 80 is deferred at this time. 

, 

1.2.2 Decision Document Objectives 

In order to meet the primary objective of documenting the technical justification for the CAMU and 
RWSF, this document provides information on how the use of a CAMU can meet each of the seven 
decision criteria identified in the C A N  regulations (6 CCR 1007-3, Part 264, Subpart S). 

The objectives which lead to the determination that a CAMU option is necessary as a contingency to 
the Ten Year Plan include the following: 

1. In support of RFCA and the Ten Year Plan, the management of low-level. low-level mixed, and 
hazardous remediation waste must ensure the safety of the public, WETS workers, and the 
environment through reliable, effective, protective and cost-effective management of 
remediation wastes at WETS. 

2. The solution must support a flexible waste management policy combining contingencies for both 
long-term storage and short-term stagingstorage for offsite disposal while recognizing the 
uncertainties associated with current waste volume estimates and future offsite disposal 
availability. A flexible policy would ensure that the most timely and cost-effective strategy that 
supports RFCA and Ten Year Plan objectives could be implemented 

3 .  The management of low-level, low-level mixed, and hazardous remediation waste must result in a 
cost-effective solution that would support W E T S  Ten Year Plan closure schedules. 

November 6. 1996 1-5 

a 
I 



. . .  . - - I ’  - .  .. .-T : I . ----RF/ER-95-0]05. UN, Rev. 0 
Drafr Corrective Action Management Unit 

Interim Measurehterim Remedial Action Decision Document 
and Application Support Documen t 

for Rocky Flats Environmental Technology Site 

4. A means of consolidating remediation waste in one location would be needed to support near- 
term risk-reduction goals while addressing long-term liability and safety issues and be compatible 
with future land uses at RFETS. 

1.2.3 Drivers 

Several drivers established the need for a CAMU designation as a contingency to meet the Ten Year 
Plan as well as to serve as the basis for both the scope and the objectives of the Decision: 

0 The Site Vision is to have WETS cleaned to a level that is consistent with planned future land 
uses within a ten-year time frame (as identified in the Ten Year Plan), a much shorter time frame 
than was previously considered. 

0 The Ten Year Plan assumes: 

- 

- 

that all low-level and low-level mixed wastes would be shipped offsite for disposal 

that low-level and low-level mixed waste generated in excess of shipping capacity would be 
managed in new onsite facilities 

- that when ER and D&D activities would begin in earnest, storage facilities would be 
available to support operations 

The RFCA objective listed in RFCA preamble Section (B) (2) (a) states “Initially controlling the 
sources of contamination will take priority over off-site waste shipments to maximize risk 
reduction.” 

0 The need to limit placement of remediation waste in existing permitted units because of a lack of 
storage capacity. 

The uncertainties associated with the waste volume estimates and offsite disposal availability for 
D&D and environmental restoration as well as hture offsite disposal capabilities for large 
volumes of waste create a need for a flexible waste management strategy that incorporates a 
CAMU contingency. 

0 

1.3 SITE DESCRIPTION 

The Rocky Flats Environmental Technology Site (RFETS) is located in northern Jefferson County, 
Colorado, approximately 16 miles northwest of Denver (see Figure 1 - 1). Other surrounding cities 
include Boulder. to the northwest, Broomfield and Superior to the northeast, Westminster to the east, 
and Arvada to the southeast, all located within 10 miles of RFETS,. The RFETS consists of 
approximately 6,550 acres of federal land in Sections’] through 4, and 9 through 15 of T2S, R70W, 
6th Principal Meridian. Most of the structures at RFETS are located within a protected central area 
of approximately 400 acres, and are surrounded by a buffer zone of approximately 6,150 acres. 

The RFETS is bounded on the north by State Highway 128, on the east by Jefferson County Highway 
17 (also known as Indiana Street), on the south by Highway 72 and agricultural and industrial 
properties, and on the west by State Highway 93. 
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The majority of residential development within five miles of W E T S  is located immediately 
northeast, east, and southeast of RFETS. Commercial development is concentrated near residential 
developments north and southwest of Standley Lake as well as around Jefferson County Airport, 
’approximately three miles northeast of WETS. Industrial land use within five miles of WETS is 
currently only quarrying and mining operations. Open space lands are located northeast of W E T S  
near the City of Broomfield, in small parcels adjoining major drainages, and in small neighborhood 
parks in the cities of Westminster and Arvada. The west, north, and east sides of Standley Lake are 
encompassed by Standley Lake Park open space. Irrigated and non-irrigated croplands, producing 
primarily wheat and barley, are located north and northeast of WETS near the cities of Broomfield, 
Lafayette, Louisville, and Boulder, and in scattered parcels adjacent to the eastern boundary of 
RFETS. Several horse operations and small hay fields are located south of WETS. Future land use in 
the vicinity of W E T S  may involve continued urban expansion, increasing the density of residential, 
commercial, and industrial land use in the areas. 

The W E T S  is a government-owned, contractor-operated facility, that is part of the nationwide 
Nuclear Weapons Complex. The Rocky Flats Environmental Technology (WETS) was operated for 
the United States Atomic Energy Commission (AEC) from its inception in 1951 until the AEC was 
dissolved in January 1975. At that time, responsibility for WETS was assigned to the Energy 
Research and Development Administration (ERDA), which was succeeded by the United States 
Department of Energy (DOE) in 1977. 

From 1953 through 1989, W E T S  was used to produce components for nuclear weapons from 
materials such as plutonium, uranium, beryllium, and various alloys of stainless steel. Non-nuclear 
production continued through 1995 in Building 460. Additional plant missions included plutonium 
recovery and reprocessing, and waste management. Production activities included metal. fabrication 
and assembly, chemical recovery and purification of process-produced transuranic radionuclides. The 
consequence of these various activities over nearly 40 years was the contamination of some of 
WETS soils, groundwater, buildings, process pipelines and associated waste management equipment. 

While environmental cleanup and waste management were a part of routine day-to-day operations at 
WETS, heightened environmental awareness on a national level and new environmental regulations 
have expanded and accelerated both activities. The DOE, in response to these changing conditions 
and the radical change in global politics, set a new mission for RFETS focusing on waste 
management, environmental restoration, and decontamination and decommissioning of facilities. 
Consistent with this new mission and with a view toward rapid and safe cleanup, RFCA sets a 
framework and approach for this final phase of the waste management and cleanup program. The 
United States Environmental Protection Agency (EPA), the CDPHE, and the DOE have agreed 
within RFCA to a wide range of objectives leading to the final disposition of the entire W E T S  
complex. Among these objectives are important areas necessary to responsibly address the 
environmental consequences of the past 40 years of operation and production. 

Current waste management activities include the following: 

e 

0 

Onsite storage, followed by offsite recycling or treatment and disposal of hazardous waste 

Onsite storage, followed by limited onsite treatment and offsite disposal of low-level mixed waste 

Historically, the management of WETS remediation waste has been cumbersome and has frequently 
required some form of storage. Investigation-derived materials (IDM), which are primarily drill 

Onsite storage followed by offsite disposal of low-level waste 

Onsite disposal of non-hazardous “municipal” type waste 
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cuttings from environmental investigations, have been placed in 30- and 55-gallon drums and 
managed as hazardous waste. This process has been labor intensive due to characterization 
requirements and can, at best, provide only a short-term solution for these materials. A majority of 
the IDM drums have been released from CERCLA/RCRA management through a risk- 
characterization process. The locations of the individual IHSSs are shown in Figure 1-2. 
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2.0 VERIFICATION OF CAMU DESIGNATION CRITERIA 

The ability to designate the RWSF as a CAMU is dependent on compliance with the criteria 
found in 6 CCR 1007-3 264552 (c), Corrective Active Management Units (CAMU). In 
order to demonstrate a need for a CAMU at WETS, these seven criteria were made an 
integral part of the decision-making process. Each of the seven CAMU criteria, listed below 
as numbers 1 through 7, is followed by a description of how the selected RWSF remedy 
demonstrates compliance with the criterion. 

1) The CAMU shall facilitate the implementation of reliable, effective, protective, 
and cost-effective remedies. 

The CAMU designation of the RWSF would be the cornerstone in successfully completing 
environmental restoration and D&D activities within the accelerated schedule for WETS 
closure proposed in RFCA. The ability of the RWSF to provide readily accessible storage 
capabilities for large volumes of remediation waste, with generally low levels of 
contamination, would facilitate reliable, effective, protective, and cost effective remedies by: 

0 Accelerating IHSS closures by providing a facility for interim storage and/or treatment of 
contaminated material while simultaneously developing cost-effective offsite disposal 
capabilities. Currently, the logistics of offsite disposal limit schedules for closing IHSSs 
and would also impact D&D activities. Designation of a CAMU would allow resources to 
be focused on supporting near-term risk reduction. Current costs for offsite shipment, 
treatment, and disposal limit the amount of resources that can be focused on near-term 
risk reduction, including source removal and D&D. 

0 Allowing WETS to minimize costs for treatment, storage, and disposal so that action 
levels for WETS closure could be achieved. 

The effectiveness of specific cleanup actions would be enhanced by the availability of the 
RWSF, allowing for a more aggressive remediation strategy. Source materials, including 
contaminated soils that might have been left in place for a number of years as a continuing 
source of contamination, would be removed from the environment and placed in the RWSF. 

Waste destined for the RWSF would not have to be transported offsite, so little staging and 
packaging for transportation would be necessary. Waste would be transported from the IHSS 
or D&D location and placed in the RWSF in bulk. Issues of whether a shipment could be 
transported, whether the shipment would be returned, or whether the facility would be in 
operation when needed would not arise until final closure of the CAMU. The RWSF would 
accept only remediation waste (including D&D waste). The flow of waste into the facility, 
therefore, would not be impacted by waste from other generators. 

Because of the modular, compartmentalized design of the RWSF, it would be able to accept a 
wide variety of remediation waste including D&D waste. Thus, changes in waste form could 
be accommodated so that operations would not be held up due to unanticipated conditions in 
the field. For example, if during remedial excavation of soils, a drum or block of concrete 
was uncovered, this material could be put into the RWSF without shutting down.remedia1 or 
RWSF operations or requiring extensive paperwork. This availability of immediate storage 

November 6. 1996 2- 1 



. ’ RF/ER:95-0105. UN. Rev.0 
Draft Corrective Action Management Unit 

Interim Measurelhterim Remedial Action Decision Document 
and Application Support Document 

for Rocky Flats Environmental Technology Site 

. . . . . . . . . .- _. .. . . .  . . . . . . .. .. . . . . . . . . - . . . 

would facilitate the effectiveness of cleanup actions by allowing the contaminants and source 
materials to be removed at once and with minimal delay. 

The RWSF CAMU alternative would also offer more protection than alternatives such as 
cap-in-place, several small storage facilities, or no action because i t  would consolidate the 
remediation waste into an engineered barrier that would protect human health and the 

’ 

environment. With this alternative, the remediation waste could be physically removed from 
an IHSS or building and placed into the RWSF. Additional engineered protection could be 
provided for the same cost as multiple smaller facilities because the RWSF CAMU would be a 
single large facility as opposed to numerous smaller facilities. Another benefit would be that 
remediation waste that might have been left capped in place or placed in several smaller 
storage facilities would be centrally located and completely surrounded by multi-layered, 
impermeable protection. In addition, the remediation waste would be monitored at a single 
location. Finally, the leachate generated by all the remediation waste would be isolated and 
recovered at this single location. 

A number of studies were conducted to provide assurance that the recommended alternative 
would meet the established criteria for the RWSF. These analyses were conducted to support 
CAMU criteria for protection of public health and the environment as listed in 6-CCR-1007- 
3 Part 264.552 (c). The details of the risk evaluation are found in Section 7.3. The analysis 
of risk was divided into the following three main exposure pathways: 

0 

0 

Offsite fugitive dust emissions 

Exposure to the public from infiltration through the underlying geologic strata into the lower 
Laramie sandstoneRox Hills drinking water aquifer was considered and ruled out due to the 
thickness (over 500 ft) of claystone underlying RFETS. Exposures from inadvertent 
intrusion into the RWSF after closure were also ruled out primarily because the RWSF would 
be actively managed by inspections and monitoring throughout the life of the facility. 

Offsite transport of contaminants through the groundwater to neighboring surface waters 

Worker exposure to radionuclides during operations 

Fugitive dust emission would be addressed by both administrative and engineering controls. 
Modeling calculations showed that the activity levels in soils that would be placed in the 
RWSF were much lower than activities that would pose a threat to human health at the plant 
boundary. 

Contaminant sources that could impact other site activities and workers as well as generating 
potential exposures to offsite receptors could be removed from the environment sooner if 
the RWSF is available. This would facilitate site closure by allowing previously contaminated 
areas to be cleaned up to interim cleanup levels agreed to in RFCA rather than be closed with 
contamination above RFCA action levels in place. Once contaminant sources were removed 
from the environment through D&D, and environmental restoration activities, cost savings 
could be realized since these areas would no longer require active landlord management. This 
early closure could result in “mortgage reduction”; Le., reduced costs of operating RFETS. 
And the savings achieved from these cleanup activities could be applied to accelerate 
additional activities supporting RFETS closure. 
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Treatment requirements which were not necessary to protect human health and the 
environment could be deferred under the flexibility of the CAMU regulations. This would 
further allow finite resources to be focused on actual cleanup sooner rather than in the future. 

2) Waste management activities associated with the CAMU shall not create 
unacceptable risks to humans or to the environment resulting from exposure to 
hazardous waste or hazardous waste constituents. 

This criteria is meant to address risks that occur during active waste handling and operation 
of the CAMU (Federal Register, Vol. 58, No. 29, Feb. 16, 1993). Not only would the RWSF 
CAMU not create unacceptable risks during operation, but it would eliminate risks that might 
be associated with alternative remedies. The RWSF CAMU would minimize risks to human 
health and the environment in the following ways: 

0 Safety precautions would be taken during construction of the facility. All activities would 
be performed within the extreme safety and radiological protection standards that exist at 
WETS. Individuals with expertise specific to construction safety would ensure that 
construction activities are carried out in a safe manner. Construction quality assurance 
efforts would ensure that the RWSF would meet all design criteria and performance 
standards for protectiveness. 

Remediation waste would be removed from the environment and put into an effective and 
protective facility. No longer would it be exposed to natural transport phenomena 'that 
could spread the contamination. 

0 

0 Initial transportation of the wastes would be performed in a controlled environment over 
short distances on non-public roads with minimal or controlled traffic. Operations would 
be closely monitored and safely controlled. Public exposure would be limited during 
remediation because the waste would not leave the plant site. Because the distances would 
be so short and the process would be tightly controlled, the risk of transportation 
accidents during remediation would also be minimized. Administrative and engineered 
controls would be used to ensure that high winds do not mobilize the contamination 
during transport. These measures might include precautions such as covered loads, 
spraying water or other dust suppressants on the loads, high wind shut downs, and other 
appropriate precautions. 

e Safety during filling of the facility would also be closely monitored and controlled. 
Precautions being considered include spraying the waste for dust suppression, keeping the 
waste covered, high wind shut downs, and appropriate personal protective equipment. All 
filling activities would be conducted under appropriate health and safety plans. 

B) An interim operational cover would be installed to protect the waste from exposure to 
the elements during remediation. If any waste remains in place at closure, a final cap 
would be installed. 

Indirect effects and cumulative impacts of the Environmental Restoration program at Site 
would be reduced by utilizing the centralized RWSF built on a previously disturbed and 
contaminated area. Impacts to the environment would be minimized because the footprint of 
contaminated areas would be reduccd to one facility compared to multiple IHSSs that now 
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exist. Irreversible commitment of resources (soil and ecological) has already occurred at the 
Solar Ponds location due to the installation of the Solar Ponds and related facilities. 

3) The CAMU shall include uncontaminated areas of the facility, only if including 
such areas for the purposes of managing remediation waste is more protective 
than management of such wastes at contaminated areas of the facility. 

This CAMU criteria requires justification for selecting a C A W  in an uncontaminated 
location, and it was a major influence upon the selection of the RWSF location east of the 
Solar Ponds. The location selected is in an area previously affected by waste management 
activities and thus meets this criteria (Federal Register, Feb. 16, 1993). The proposed RWSF 
location east of the Solar Ponds overlaps with the following areas of contamination: 

0 IHSS 165 - The Triangle Area This lHSS was part of the former OU 6. Drums 
containing plutonium-bearing wastes were stored in this area. The drums leaked and 
contaminated the soil. In 1973, 200 cubic yards of soil were removed from this site. 

. 0 IHSS 176 - Swinerton and Walberg Contractor Storage Yard This IHSS was part 
of the former OU 10. Water spray from the Solar Ponds blew into this area. Also, 
leaking drums containing waste oils and volatile organic compounds were stored here. 
Volatile organic compounds were detected during the soil gas survey characterization of 
this site. 

0 IHSS 101 - Solar Ponds Area These were former OU 4 solar evaporation ponds which 
were used for storage and evaporation of liquid low-level radioactive waste. All of the 
sludge was removed from the Solar Ponds but the liners are still in place. The proposed 
CAMU location overlaps the eastern edge of the ponds. Additional facilities could be 
placed on the ponds themselves if expansion of the RWSF is needed and designated in the 
future. Placement of the facility at this location would be expected to facilitate 
remediation operations at the Solar Ponds. 

0 Building 964 - This building housed low-level waste storage. I t  was also exposed to the 
water spray coming from the solar ponds. 

Although this area is contaminated, it  was not expected that placement of the RWSF in this 
area would hamper any cleanup operations. Likewise, the levels of contaminants that would 
be found at the RWSF construction site were not expected to hamper its construction or 
operation. 

4) Areas within that CAMU, where remediation wastes remain in place after 
closure of the CAMU, shall be managed and contained so as to control, 
minimize, or eliminate future releases to the extent necessary to protect 
human health and the environment. 

This criterion was not applicable. At this time, the intended use of this facility is for 
monitored, retrievable waste storage. 

5) The CAMU shall expedite the timing of remedial activity implementation, 
unless to do SG would be inconsistent with 264.552 (c)(l)  or (c)(2) (See criteria 1 
and 2 above) 
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a 
Once constructed, the facility would expedite remedial activities. Waste would be transported 
directly from excavation or treatment into the RWSF. Planning documents for cleanups 
would be simplified since the waste management methodology would be established. It would 
be possible to establish work crews that could clean up IHSSs in an almost assembly-line 
fashion, moving from IHSS to IHSS with the necessary equipment while trucks transport the 
remediation waste to the RWSF. Concurrent to these activities, new modules to the RWSF 
could be constructed so that there would be sufficient capacity available to accept the waste. 
Crews could be simultaneously performing D&D and environmental restoration, moving from 
building to building, and transporting these waste materials to the RWSF. Without the RWSF, 
cleanup and D&D activities may be limited by the rate at which wastes can be shipped off 
site. 

6) The CAMU shall enable the use, when appropriate, of treatment technologies 
(including innovative technologies) to enhance the long-term effectiveness of 
remedial actions by reducing the toxicity, mobility, or volume of remediation 
waste that will remain in place after closure. 

Because the proposed RWSF would be for storage of waste only, it would not impact or be 
impacted by the use of treatment technologies. Treatment to enhance the long-term 
effectiveness of remedial actions by reducing the toxicity, mobility, or volume of 
remediation wastes that would remain in place after closure is a key element of the 
Environmental Restoration program and of all cleanup actions at RFETS. At RFETS, most 
IHSS source removals would involve thermal desorption treatment to remove the hazardous 
component of mixed low-level waste. Treated waste that meets the action levels in RFCA 
would be placed back in the IHSS and would remain in place after closure. This waste- 
minimization-and-reduction-of-toxicity-and-mobility approach would result in only shipping 
to the CAMU, or for offsite disposal, wastes that are either above RFCA action levels for 
radiological dose, or from which the hazardous component cannot be removed easily. D&D 
wastes were not anticipated to need treatment (other than sizing) prior to shipment for 
offsite disposal. 

If it were deemed cost-effective for a specific cleanup or treatment technology, temporary or 
permanent staging areas near the facility could be set up, and mobile or permanent treatment 
equipment could be brought in. This would not, however, be performed as part of the CAMU 
designation request. 

7) The CAMU shall minimize the land area of the facility upon which 
remediation wastes will remain in place after closure of the CAMU unless to do 
so would be inconsistent with 264.552 (c)(l) or (c)(2) (See criteria 1 and 2 above) 

This criterion was supported by the fact that multiple source areas at RFETS that might have 
previously been closed in place would now have the option of closure to the action levels 
agreed to in RFCA. The CAMU would support a bias towards removal rather than isolating 
sources in place. This would facilitate release of areas at WETS for future land use, as 
described in the Site Vision. 
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3.0 WASTE CHARACTERISTICS 

3.1 REMEDIATION WASTE CHARACTERIZATION 

General waste types characteristics and volumes which may be placed into the RWSF are described in 
this section. Identification of waste characteristics, sources, and projected volumes for the RWSF 
clarify and substantiate the need for a contingency to existing waste storage. Only remediation waste 
would be considered for management in this facility. Conceptual waste acceptance criteria for the 
RWSF are discussed in section 7.0. No process waste would be accepted. 

Remediation waste, is defined by RFCA in part 5 ,  paragraph 25 bf: 

1) solid, hazardous, and mixed wastes; (2) all media and debris that contain hazardous substances, 
listed hazardous or mixed wastes or that exhibit a hazardous characteristic; and (3) all hazardous 
substances generated from activities regulated under this Agreement as RCRA corrective actions or 
CERCLA response actions, including decommissioning. Remediation waste does not include wastes 
generated from other activities. Nothing in this definition confers RCRA or CHWA authority over 
source, special nuclear, or byproduct material as those terms are defined in the Atomic Energy Act. 

The potential contaminants of concern in remediation waste include: 

0 Radionuclides (such as plutonium, americium, and uranium) 

0 Metals (such as cadmium and chromium) 

0 Volatile organic compounds (such as carbon tetrachloride, -trichloroethene [TCE], 
tetrachloroethene [PCE]) 

0 Semivolatile organic compounds 

0 Asbestos 

0 Polychlorinated biphenyls (PCBs) (such as Aroclor- 1254) 

Low-level waste, as defined by RFCA, has a radionuclide activity less than 100 (nCi/g) nanocuries per 
gram. In addition, RFCA defines low-level waste as “radioactive waste that is not high-level waste, 
spent nuclear fuel, by-product material, or transuranic waste ,(although it may contain small amounts 
of transuranic elements).” The majority of the low-level waste managed at the RWSF would have a 
radionuclide activity much less than 10 nCi/g based on the Hazard Categorization Analysis (see 
Section 9.0, Kaiser-Hill, 1996a). Acceptable waste media and forms (e.g., under 6 CCR 1007-3 Part 
264.312-264.3 17, subpart N) for placement in the RWSF were modeled after Landfill restrictions, 
which include the following: 

No free liquids 

No compressed gases 

November 6, 1996 3- 1 



. .. . ._ . .~ 
MkRr95iOiO5: UN, Rev.0 

Drafr Corrective Action Management Unit 
Interim MeasurdInterim Remedial Action Decision Document 

and Application Support Document 
for Rocky Flats Environmental Technology Site 

. . . . . - - - _. . . . . .  . _ .  .. . . .  . .  ... 

No transuranic (TRU) waste 

No incompatible wastes (such as pyrophoric uranium) 

No ignitable or reactive wastes 

Remediation waste types include: 

Contaminated soil collected from remedial actions 

Treated and untreated sludge and sediments (e.g. Solar Ponds sludge) 

Toxic Substance Control Act (TSCA) waste (such as asbestos and PCBs) 

Treatment by-products from groundwater, surface water, andor  soil remediation actions 

Residual from the Solar Evaporation Ponds; e.g. portions of the liners would be considered 
remediation waste 

IDM from past and future characterization activities, such as wells, and borings, if the IDM is 
characterized as hazardous, low-level, or mixed remediation waste 

D&D waste which has been characterized as hazardous, low-level, or mixed waste; it includes 
building rubble, equipment, and utilities removed from the building prior to demolition. D&D 
waste does not include deactivation. 

The low-level mixed waste and hazardous waste placed in the RWSF would consist of the remediation 
waste currently stored at RFETS and the remediation waste which would be generated in the future. 

3.2 REMEDIATION WASTE VOLUME 

Waste volume estimates were based on planned risk reduction activities. ' A preliminary estimate of 
remediation waste volumes is presented in Table 3-1 below. The total volume of remediation waste 
was estimated to be 94,100 m3 or 123,200 cu yd which would be placed in a RWSF. These estimates 
were based on current information and coincide with the Ten Year Plan waste volumes. These 
volume estimates were not intended to limit the size of the facility, but serve as a tool to create 
alternatives for the decision making process. 

The actual volume of soil defined by Tier 1 and Tier 2 cleanup levels in RFCA could be larger or 
smaller because volume estimates were made with preliminary data from limited characterization 
Final volumes would be determined in the field based on RFCA action levels. 
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e Table 3-1 Remediation Waste Volumes for the Remediation Waste Storage Facility 

42,800 m3 to 106,900 m3 

75 300 m3 to 188 300 m3 

42,800 m3 to 106,900 m3 

75 300 m3 to 188 300 m3 

Notes: 
1. These waste volumes are estimated within a range of -20% to +loo%. 
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4.0 IDENTIFICATION OF SUBSTANTIVE CRITERIA 
This section presents the substantive criteria that 6 CCR Subpart 5 and RFCA require for a 
CAMU to be designated at RFETS. Paragraph 80 of RFCA provides,: “[I]f the application 
meets the appropriate substantive criteria CDPHE will issue a CAMU designation.” Likewise, 
the CAMU rule, promulgated pursuant .to the CHWA, states that “[tlhe Department shall 
specify, in the permit or order, requirements for CAMUs ...” (See 6 CCR 1007-3, Part 
264.552 (e). 

4.1 RESOURCE CONSERVATION AND RECOVERY ACT CAMU CRITERIA 

The designation of a Corrective Action Management Unit must be performed in accordance 
with the seven criteria enumerated in 6 CCR 1007-3, Part 264.552(c). The seven CAMU 
criteria were also discussed in section 2.0 of this document: 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

The CAMU must facilitate the implementation of reliable, effective, protective, and 
cost-effective remedies. 

The waste management activities associated with the CAMU must not create 
unacceptable risks to humans or to the environment resulting from exposures to 
hazardous waste or hazardous waste constituents. 

The CAMU may only include uncontaminated areas of the facility if including such areas 
is more protective. 

Where remediation wastes will remain in place after closure the CAMU must be managed 
and contained so as to control, minimize or eliminate fiture releases to the extent 
necessary to protect human health and the environment; 

The CAMU must expedite the timing of remedial actions. 

The CAMU must enable the use, when appropriate, of treatment technologies to enhance 
the long-term effectiveness of remedial actions by reducing the toxicity, mobility, or 
volume of remediation waste. 

The CAMU must be placed on the minimal area necessary to provide a reliable, effective, 
protective, and cost effective remedy. 

4.2 RFCA Requirements 

The requirements under RFCA for CAMU designation are presented in paragraphs 80 and 109 
of RFCA. Section 7.4 of this document discusses how the selected design addresses the RFCA 
requirements. Paragraph 80 of RFCA states: 

that the design criteria for the facility described in this paragraph shall be the same whether 
the facility is for the retrievable, monitored storage of remediation wastes or for the disposal 
of remediation wastes. Specifically, the facility described in this paragraph must ensure 
retrieval of wastes and protection of human health and the environment through a 
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combination of requirements that include, but are not limited to: detection and 
monitoringhspection requirements; operating and design requirements, including c a p h e r  
system that meets the requirements as set forth in 6 CCR 1007-3, Part 264, Subpart N; a 
groundwater monitoring system; and requirements for responding to releases of wastes or 
constituents from the units. In addition, where necessary for protection of human health'and 
the environment, waste treatment will be required. If DOE proposes a CAMU, it is the 
expectation of the parties that if the application meets the appropriate substantive criteria, 
CDPHE will issue a CAMU designation for storage or disposal in a timely fashion. 

In response to RFCA paragraph 80, the following design and operating requirements would be 
addressed and implemented. These requirements are discussed in Section 7 for the specific 
selected alternative, the Concrete-Lined Cell: 

leak detection (Section 7.1, 7.4) 

inspections (7.4) 

a c a p h e r  system that meets RCRA Subpart N requirements (Section 7.1, 7.4) , 

a groundwater monitoring system (Section 7.1, 7.4) 

corrective action for releases (Section 7.4) 

a waste acceptance criteria, consistent with design and operation, that provides treatment 
of wastes where necessary (Section 7.6) 

In addition, as part of the IWIRA process, paragraph 109 of RFCA also directs DOE to 
present an analysis of alternatives showing that DOE has considered the following: 

protection of human health and the environment 

transportation 

facility design, containment, and monitoring . 

institutional controls 

cost 

community acceptance 

The consideration and evaluation of the above RFCA criteria are addressed in Section 6.0 and 
summarized in table 6-1. 
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4.3 CAMU Requirements 

After the CAMU designation is received, the DOE would be required to submit detailed plans 
as to how the following requirements would be met. In the event that a CAMU is necessary, 
these plans would be submitted during the design phase. 

. 

Six CCR Subpart S, Part 264.552 (a) (2) states: 
For the purposes of the application of the minimum technology requirements of 40 CFR 
Part 268.5 (hj (2); or of the minimum technology requirements of Subparts K, L, M, or N; 
or the groundwater protection requirements of Subpart F; or the closure and post-closure 
requirements of Subpart G of part 264 or 265 of these regulations; consolidation or 
placement of remediation waste into or within a CAMU does not constitute creation of a 
regulated unit. 

Part 264.552 (a) (3) requires: 
Where the remediation wastes placed into a CAMU are hazardous wastes, the CAMU shall 
comply with Subparts B, C, D, and E of Part 264 or 265 of these regulations and, when 
such remediation wastes will remain in place after closure of the CAMU, the CAMU shall 
comply with the regulations for the siting of hazardous waste disposal sites, 6 CCR 1007-2, 
Part 2. 

Additional requirements for designation are enumerated in 6 CCR Part 264.552(e) of the 
CAMU rule. The following are the additional requirements after the designation of the 
CAMU (Compliance with these requirements is discussed in section 7.7): 

a specification of the area configuration, Part 264.552 (e) (1)) 

0 specification of the design, operation, and closure requirements (Part 264.532 (e) (2) 

specification of groundwater monitoring requirements specific to (Part 264.552 (e) (3) 

specification of closure and post closure requirements (Part 264.552 (e) (4) 
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0 5.0 SCREENING OF ALTERNATIVES 

A two-phase decision-making process was developed for screening and selecting remediation waste 
management storage alternatives that support the best remediation waste management strategy for 
RFETS. The first phase evaluated different onsite locations and the second phase evaluated 
conceptual storage design alternatives. The onsite location selected was then coupled with the 
conceptual storage design alternative for inclusion in the Final Comparison of Alternatives (Figure 5-  
1 , Decision Process for Remediation Waste Management). 

5.1 PHASE 1 - ONSITE REMEDIATION WASTE STORAGE FACILITY SITING 
STUDY 

The selection of a location for a RWSF at WETS is detailed in Appendix C, Onsite Remediation 
Waste Storage Facility Siting Study. The objective of Phase I was to evaluate and select an onsite 
location for a RWSF. The method used was as follows: 

0 

Identify and rank criteria to be used for siting of an onsite RWSF location 

Develop a methodology for a comparative analysis of different sites. 

Evaluate the criteria subjectively and assign a relative weighting factor to each criteria. 

Recommend an onsite location based on the above criteria and methodology. 

@ This process is described below. 

1 .  Identify and rank criteria to be used for siting an onsite RWSF location. This criteria required, at 
a minimum meeting the substantive requirements as discussed in Section 4, as well as general 
guidelines that had been discussed at various stakeholders’ meetings regarding a RWSF at RFETS. 
The criteria were then organized into the six major categories summarized below and further 
divided into specific issues within each of these major categories. Details of the criteria are in 
Appendix D. 

i. The ability to designate the RWSF as a CAMU: All CAMU criteria were evaluated, but the 
deciding criteria was the ability to facilitate the implementability reliable, effective, protective, 
and cost-effective remedies and not include uncontaminated areas of RFETS in the footprint of 
the RWSF 6 CCR-264,552 (b)(3) (Looby, 1995). 

1 1 .  The ability to ensure the protection of the public, per 6 CCR 1007-2 Part 2, Requirements for 
Siting of a Hazardous Waste Disposal Site: Although the RWSF would be a storage facility, these 
criteria, which relate to long-term disposal, were used to evaluate locations for storage as an 
additional degree of protectiveness. There are 12 separate associated criteria under this 
requirement: 

.. 

a) Geological and hydrogeological conditions of a site in which hazardous waste is to be 
disposed shall be such that reasonable assurance is provided that the wastes are within the 
disposal area ,and away from natural environmental pathways that could expose the public 
isolated for 1,000 years. 
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b )  Structural-related issues including slope and geotechnical stability would be addressed. 

c )  The immediate area of the site should be in a strata of minimal groundwater flow. 

V. 

vi ~ 

d )  Relative depth to bedrock and groundwater will be considered. 

e )  The evaluation of the relative distance to the nearest discharge area would include 
consideration of  groundwater flow direction and travel time.. 

Additional requirements are in Appendix C 

iii. The ability to support the RFCA. The Preamble to RFCA Section B.2 stat es: “Waste 
management activities for low-level, low-level mixed, hazardous, and solid wastes would include a 
combination of onsite treatment, storage in a retrievable and monitored manner, disposal, and 
offsite removal. Low-level and low-level mixed wastes generated during cleanup would be stored 
in a safe, monitored and retrievable manner for near-term shipment offsite, long-term storage 
with subsequent shipment offsite andor  long-term storage with subsequent disposal onsite of the 
remaining wastes.” 

iv. Cost must be  evaluated including the cost of pre-construction activities, and the following: 

- Building demolition 

- Subsurface utility line removal and re-routing 

- Access requirements and powerlfacility requirements 

- The cost o f  engineering and construction of  protective measures 

2. 

Regulatory Support must be focused on using CDPHE guidelines (Looby, 1995) for onsite waste 
management of  contaminated materials. Key points evaluated include the minimization o f  the 
number of disposal sites, consolidation of contaminated materials, and having a centralized site in 
an area with optimum geologic parameters preferably close to or within the Industrial Area with 
limited future land use. 

Other, Stakeholder concerns that must be include the general acceptance of the RWSF by the. 
general public and the Municipal or County governments. 

Develop a methodology for comparative analysis of  the different sites: A basic assumption was 
that the entire RFETS, both within the buffer zone and the Industrial Area, would be included in 
the evaluation. A series of Geographical Information System (GIS) maps were produced to assist 
in this evaluatjon. These maps, which included key elements cited in the criteria, were evaluated 
for being beneficial or adverse to the siting of a RWSF. 

The initial evaluation of the sites reduced the number of potentially useable locations to seven, with 
four in the buffer zone and three in the Industrial Area. 

The following are Potential Industrial Area sites: 
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Solar Ponds, an area adjacent and east of the Solar Pond in the northeast section of the Industrial 
Area 

0 

Sle 5-7 Methodology Weighting Factors 

Category Criteria Weighting Number of 
Factor (%) Specific 

Issues 

1 Corrective Action 15 7 
Management Unit 
(CAMU) 

2 Public Protection 20 12 
(Geotechnical and 
Hydrological Criteria) 

3 RFETS Special 20 8 
Issues 

4 Cost Criteria 15 2 

5 Regulatory Support 15 5 

6 Other Stakeholder 15 4 

Total 100 38 

Concerns. 

The following are potcntial buffer zone sites: 

Total Number of 
Points Assigned 

19 

28 

15 

6 

13  

9 

90 

0 The New Sanitary Landfill (NSL) 

0 An area encompassing the East Spray Fields (ESF) 

0 An area in the southeast quadrant (SE Quad) of the buffer zone 

0 An area in the southwest quadrant (SW Quad) of the buffer zone 

3 .  Evaluate the criteria subjectively and assign a relative weighting factor to each of the criteria: For 
a more detailed description of the methodology see Appendix C, Section C.2.2, Methodology. 

First, the methodology that was applied began by developing a relative weighting factor (%) based 
subjectively on the importance of each of the six categories of criteria as shown under Table 5.1. 

Second, the categories were divided into 38 specific. issues. Each of the issues was subjectively 
assigned a value between 0 and 3, with a 3 being a more important issue, 1 being less important, and a 
0 being a potential fatal flaw. 

Third, a matrix was developed using the 7 locations versus the 38 issues (see Appendix C, Table C-2). 
A score was assigned relative to the other sites and the criteria being evaluated. A score of 0 for any 
of  the 38 issues signified a fatal flaw and the site was withdrawn from further consideration in the 
evaluation. 

7 
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4. Recommend an,onsitc location based on the above criteria and methodology: The location 
receiving the highest score was the recommended onsite location for a RWSF (see Appendix C, 
Section C.2.3, Table C-5). The location recommended for a RWSF is the area in the northeast 
comer of the Industrial Area adjacent to and easi of the Solar Ponds (see Figure 5-2). 

a 
5.2 PHASE 2 - SCREENING OF ONSITE DESIGN OPTIONS 

The objective of Phase 2 was to select and evaluate different design options for an onsite RWSF. A 
list of innovative RWSF designs was developed. This list was compiled from literature and input 

facilities in the United States and Europe. These design options are either actual facilities in use or 
under consideration elsewhere (see Appendix E, Remediation Waste Storage Facility Design 
Alternatives). All of these design alternatives are contingencies to the Ten Year Plan and assume 
that the storage and schedule assumptions in the Ten Year Plan are not valid. This means that the 
No Action alternative is a contingency to the Ten Year Plan and not the same as the Ten Year Plan. 

, from the Citizen’s Advisory Board (CAB), current RFETS practices, and designs in use at other 

The following design alternatives were proposed for the screening process: 

0 Pyramid- Bulk waste would be enclosed in a rectangular pyramid constructed out of granite 
blocks; alternative proposed at a meeting of the CAB by a member of the public 

0 Metal Buildings - Waste would be enclosed in cargo containers placed inside engineered metal 
buildings on concrete slabs; this is RFETS’ current practice to store LLW and LLMW 

Slab on Grade - Waste would be stored in cargo containers placed on an abovegrade concrete slab; 
This is current practice at some DOE/DOD sites including RFETS, which stores much of its LLW 
in a similar manner 

0 0 
0 Hardened Concrete Vault - Waste would be stored in cargo containers and placed in an abovegrade 

freestanding concrete structure with liners and a leachate collection system; this is a current 
practice at the DOE Savannah River Site for LLW & LLMW 

Concrete-Lined Cell with bulk placement - Bulk waste would be piaced in modules in concrete- 
lined cell. Under the cell would be a liner and a leachate collection system 

Concrete-Lined Cell in  Cargo Containers - Waste would be stored in cargo containers and placed 
in modules in concrete-lined cell. Under the cell would be a liner and a leachate collection system 

0 Abovegrade Storage Cell - Earthen structure similar to a RCRA cell except facility would be 
constructed Abovegrade with berms and a linedleachate collection system; alternative as 
proposed would bc similar to current practice around the nation to meet RCRA-Subtitle C, 
requirements 

0 Silo - Bulk wastc would bc placed in concrete cylinders which sit on top of a concrete pad. Under 
the pad would be a lincrlleachate collection system; this altcrnative was proposed in an interim 
report by the Idaho National Engineering Laboratory (INEL) (EG&G, 1994) 

Entombment - Waste would be placed in 55 gallon drums and then sealed with grout in concrete 
boxcs which would be stored in a hardened concrete vault. This alternative was proposed in an 
interim report by the INEL (EG&G, 1994) 
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0 Waste Pile - Bulk waste would be compacted into a rectangular pile with all sides covered with a 

geomembrane. A liner system would be place under the pile. This alternative was based on the 
Interim Remedial Action for Basin F, Rocky Mountain Arsenal 

No Action (i.e., no CAMU designated Remediation Waste Storage Facility) - Remediation waste 
would have to be treated and shipped to an offsite disposal facility as soon as it was recovered, or 
stored at the action-specific locations until offsite shipment could occur. This alternative was 
included as required by NEPA 

0 

The initial conceptual design screen, summarired in Table 5-2, which used the same criteria as the 
Siting Study, narrows the I 1  design alternatives to four final design alternatives.' Table 5-3 is a cost 
comparison of the 1 1  design alternatives. 

As a summary-by-design alternative, the following results explain the rationale o f  screening each 
alternative for the selection of the final four design alternatives. 

T h e  Abovegrade Storage Cell alternative would be similar to RCRA Subtitle "C" landfills except 
that the facility would be built above grade. This facility would also incorporate the concept of long- 
term waste management, with protection to the public and the environment, by constructing a double 
liner system with a leachate collection system. The total footprint of this facility would be larger 
than the other options because of the side berms required for construction of the cell. This feature 
would make the cost higher than the Concrete-lined Cell bulk storage option. Retrievability would be 
more difficult than a concrete-lined cell or options utilizing containers. This alternative was retained 
for further evaluation because it is a known, proven design that meets RFCA requirements, provides 
the necessary protection, and is one of  the less costly alternatives evaluated. 

T h e  Concrete-lined Cell with bulk placement alternative would combine features of  several 
alternatives. As a long-term RWSF, i t  would provide protection to the public and the environment 
because of the RCRA-type double liner system and a leachate collection system that allows for early 
detection of leaks. This facility would consist of a concrete-lined cell with integral walls to separate 
the remedial waste and provide for retrievability. The waste could be managed in both bulk and 
containerized forms. The cost for this option was the most reasonable compared to all other design 
alternatives for onsite bulk storage because of its flexibility in waste handling, smaller facility 
footprint, and protectiveness. The modular design would further enhance flexibility as well as waste 
segregation and retrieval abilities. This alternative was retained for further evaluation because i t  
meets the substantive criteria, provides the necessary protection and retrievability, and is cost 
e ffec t i ve . 

T h e  Concrete-lined Cell in cargo containers alternative would be similar to the Concrete-lined 
Cell with bulk placement except that all remedial waste would be stored in cargo containers rather 
than as bulk. I t  would provide a slightly higher. degree of protection for the public and the 
environment because the containers act as an additional barrier, and the containers enhance 
retrievability. The cost, however, would be significantly higher than bulk placement. This 
alternative was screened out because the containers, and the higher degree of protection and retrieval 
they providc, did not justify the additional cost. 
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Retrieval is difficult, similar to 
Abovegrade Storage Cell. 

Good protection to environment and 
public. Larger footprint because of 
smaller containers for storage of wastes. 
Retrieval is good. 

Individual remedial actions would require 
handling the waste separately by 
temporary storing with ultimate offsite 
disposal of deferring cleanup. No 
retrieval necessary. 

Table 5-2 Summary of Facility Design Screen 
. Facilitv Design I CAMU Criteria I Public Protection (Geotechnical 

S i lo  

- 
a nd H y d ro  I o g i cal C rite ria) 

Pyramid Not effective because of schedule Structure could experience differential 
concerns for expediting cleanup and settlement and breach the barrier. Rigid 
higher costs. Hard to monitor. Reliability structure not as elastic as other 
is not proven. Retrieval difficult. alternatives. 

Minimizes land area by consolidation of Alternative provides barriers and 
waste to one location. Retrieval difficult. leachate collection to protect 

groundwater and surface water. 

Intended as a short-term storage option Short-term storage. For up to 30 years it 
with periodic mainte ts are high would vide adequate protec 
due to bulk contain rea environment. Protective barrie 
footprint because of n of buildings building shell and containers. 

Metal Buildings 

Selected for further evaluation. 

Hardened Concrete Vault 

Concrete-lined Cell In 
Cargo Containers 

option. Waste would be more exposed. 
Land area would be minimized. Retrieval 
would be difficult. 

Not cost-effective because of storage 
containers and rigid structure. Good 
retrievability with a larger footprint 
because of accessible aisles. 

elements, has a greater risk of releases 
to surface water or groundwater. No 
barriers. 

Provides multiple barriers to limit release 
of contaminants with a leachate 
collection system. Enclosed concrete 
structure and containers provide 
additional protection. 

Good retrievability but higher costs than 
Concrete-lined Cell because of waste 
containers. 

Provides numerous barriers to limit 
release of contaminants with a leachate 
collection system. Containers provide 
additional protection. 
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Short term Storage. No protective 
barriers or leachate collection. 

Provides additional barriers other than 
the multiple liners and leachate detection 
(i.e., concrete canisters and drums). . 

Individual remedial actions would require 
handling the waste separately by 
temporary storing for ultimate offsite 
disposal or deferring cleanup. 



Ta 

No1 

Facil ity Design Site Special Issues 

Does not provide an expeditious 
construction schedule because of. 
logistics in acquiring the granite blocks. 
Does not support Site Vision. 

Supports Site Vision and RFCA, 
relatively small footprint. 

Pyramid 

S i l o  

Metal Buildings Large footprint because of multiple 
facilities. Simple design allows. quick 
construct,ion;,' 

Cost Criteria 

This alternative fell in the middle of the 
range for total life-cycle costs. 

Cost-effective, third lowest total life- 
cycle cost due to small footprint . 

Total cost is high due to cost of 
containers and multiple buildings. 

Slab on Grade 

Concrete-lined Cell In 
Cargo Containers 

Simple design allows quick 
construction. A short-term storage 
solution. 

Supports Site Vision and RFCA, less 
impact to other projects. 

Total cost is high due to cost of 
containers. 

No Action 

Hardened Concrete 
Vau l t  

Requires offsite disposal which could 
delay cleanup, shipments, and 
increase interim storage. 

Include only shipping and offsite 
disposal cost. 

Meets this criteria better than most 
designs, smaller footprint reduces 
impacts. 

This option fell in the upper end of the 
cost range because of containers and 
free- standing rigid structure. 

Concrete-lined Cell wi  

.This option fell in the middle of the cost 
range because of the cost of 
containers. 

Abovegrade Storage 
Ce l l  construction costs. 

Waste Pile 

~ _ _ ~  

Entombment 

Short term solution, consolidates 
wastes to one location, small footprint. 
Does not support RFCA or necessary 
requirements 

The largest footprint of all alternatives. 
Construction would be very time- 
consuming and costly. 

Low life cycle costs due to a lack of 
protective features. 

The most expensive alternative, 
highest life-cycle costs because of the 
double containment (drums and 
concrete bins). 
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'able 5-2 (con tin ued) 

Facility Design Other Stakeholder Concerns 

Questionable design/technology. 
Availability of materials in a timely fashion is 
uncertain. 

Design is not widely used. Protects 
environment and public. Retrieval would be 
more difficult. 

Regulatory Support 

Design is not state of the art. No 
barrier systems or leachate detection 
other than the solid granite walls. 

Pyramid 

Silo Limited flexibility for future uses. 
Consolidation of waste in one 
footprint.. 

Large footprint poor consolidation of 
wastes since multiple buildings are 
required. 

Proven technology and easy to implement Metal Buildings 
quickly. 

Slab on Grade Small footprint for consolidation of 
wastes. Not a state of the art facility. 

Provides only minimal barriers for protection 
of environment. Proven technology and 
easy to implement quickly. 

Proven technology but it would take more 
time and effort to construct. 

Hardened Concrete Long-term waste management. 
Vaul t  Protects environment and public. 

Provides good protection to the environment 
and public health. 

Abovegrade Concrete- Long-term waste management that 
lined Cell with Bulk consolidates waste into 
Placement modular/flexible facility. . 

Concrete-lined Cell In 
Cargo Containers 

Long-term waste management that 
provides good protection to public 
and environment. Retrievability is a 
little better than some alternatives 
because of accessibility to 
containers. 

Provides good protection to the environment 
and public. 

Abovegrade Storage 
Cell  

Proven technology because of past 
performance. Retrievability is achievable 
but fair because waste is in bulk quantities. 

I location. 

Short-term solution. Waste Pile Short-term solution. Provides good 
protection to public and environment. 
Not designed to meet RCRA 
considerations. 

Provides enhanced protection to the 
public and environment by the 
additional containers. Footprint is 
enlarged because of 
unusablelwasted space. 

Entombment Waste retrieval is good because waste is 
segregated in concrete bins and drums. 
Longer construction schedule because of 
the complexity and number of drums to 
handle. 

~~~ ~ 

Requires offsite disposal. It could require 
additional onsite interim storage and would 
delay some cleanup activities. 

No Action Increased interim storage until the 
individual remedial actions can ship 
waste offsite of defer cleanup. 
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Pyramid Concrete- Concrete- 
lined Cell lined Cell 
Bulk 
Placement rs  

w/Co nta i ne 

$140,300 $77,320 $1 65.650 

Hardened 
Concrete Vault 

$181,630 

~ 

$2,200 $1,600 $1,600 
$400 $1 50 $1 50 
$57,900 $18,600 $1 8,600 
$60,500 $20,350 $20,350 

$2,200 
$400 
$26,000 
$28,600 

NIA $5,300 $5,300 
$13,900 $13,000 $1 0,400 

$5,300 
$1 0,400 
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Table 5-3 Comparison 
Alternative 

$1 18,800 1 Total Cost 

Cost of Construction 
Design 
Construction Management 
Construction 

Total Cost of Construction 

$2,200 
$400 
$41,700 
$44,300 

~ 

$8,800 $6,100 $14,500 $1,970 $1,970 Cost of Site Preparation 

Cost of Closure 
Interim Cap 
Interim Closure Care 8 
Monitoring 

Total Cost of Closure 

$5,300 
$13,900 

I I I 
$13,900 1,$18,300 A I $15,700 I $15,700 $19,240 

of dollars 
’ No Action 

thousands 
Waste Pile 

Table 5-3 (cont.) Comparison 01 

Alternative 

$36,669 1 $107,300 Total Cost 
I 

Cost of Construction 
Design $2,000 

Construction Management $400 

Construction $30,400 

Total Cost of Construction $32,800 

3 

NIA 
3 

NIA 

NIA 

NIA 

3 

3 

3 

NIA 

$3.800 

$4,300 $21,500 NIA 

~ ~ I $171900 I 1 NIA: 

3 
NIA 

~~ ~ 

Cost of Site Preparation I $6,100 3 
$2,800 NIA $6,100 

Cost of Closure 
Interim Cap $5.300 3 

NIA 

NIA 
3 

NIA 

NIA 
3 Interim Closure Care $13,900 

3 

NIA 
3 

NIA 

Footnotes: 
1. Total costs also include costs for containers, permitting, operations, contingency, etc. More detailed estimates are presented 

2. The cost for waste retrieval and disposal’is not included for any of the alternatives except the no-action alternative. 
in Appendix E. 

. 3. Costs for these alternatives were not broken down because of the following: 
- Entombment costs were based on a projected total cost that did not address specific costs. 
- Waste Pile costs were based on actual costs from Rocky Mountain Arsenal Cleanup in Colorado 
- These costs were not applicable for The No Action alternative. 
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The Hardened Concrete Vault alternative would be a free standing, totally enclosed concrete 
structure intended for long-term waste management. Remedial waste would be stored in cargo 
containers which, along with built-in aisles, makes them easily retrievable. Protection to the public 
and the environment would be good because of the RCRA-type double-liner leachate collection. The 
cost would be high, relative to other alternative, because of the cost of containers and free-standing 
rigid structure. The leachate detection systems makes the facility easy to 'monitor. This alternative 
was screened out because of its high relative cost and the time and effort it would take to design and 
construct such a facility .would impact remedial activities: 

The Silo alternative incorporates the concept of long-term waste management by storing 
remediation wastes in totally cnclosed 5,000 cy concrete silos. As in some of the other alternatives, 
this facility would incorporate a double liner barrier with a leachate detection system. An extra level 
of protection for the environment and the public would be provided because of the concrete silos. 
The remediation waste would be retrievable because of the multiple silos, and the cost would be lower 
than most of the other alternatives. This design was screened out because it makes retrieval difficult, 
and because it cost more than the concrete-lined cell but provides only the same level of 
protectiveness. 

The Slab on Grade alternative would be similar to the Metal Buildings alternative because i t  is a 
short-term (i.e., 25-30 years.) waste management option. The remedial waste would be placed in 
stored cargo containers which are stacked on a slab on grade. The slab on grade would be open to the 
environment and would not have any protective liners or barriers underneath. Liners were not 
deemed necessary because the cargo containers could be inspected and leakage could be detected early 
on. It would be possible to add a liner but the costs would increase. This option makes retrieval easy 
because of the accessibility to the cargo containers. Again, the maximum life cycle of this) 
alternative would be approximately 25 to 30 years before the remedial waste would be re- 
dispositioned. The cost for this option was high because of the additional cost for containers. This 
alternative was screened out of its high cost and a low level of protectiveness. 

The Metal Buildings alternative was more expensive than other alternatives because of the cargo 
containers and the number of buildings. Bulk storage was not considered for this alternative because 
the footprint would be too large, although some waste could be placed in bulk for temporary staging. 
The cost of this alternative was based on a design without a RCRA-type liner system other than the 
containers and the building structure which provides adequate protection for the life of the facility 
(25 to 30 years). A liner system could be added but would increase the total cost of the facility. 
Although this alternative supports the intended cycle of the 10 Year Plan, the protectiveness of this 
alternative would be less than the concrete-lined cell designs and the economies of scale achieved 
through bulk storage are absent. The facility footprint would be larger than other options because of 
the required large central corridor for routine access and monitoring. The retrievability of this 
option would be good because of the accessibility to cargo containers. This alternative was retained 
for further evaluation because it is an established design and would offer good retrieval and inspection 
capabilities. 

The Entombment alternative protects the public and the environment because of the multiple 
barricr systems. Again, this facility would incorporate a double liner system with a leachate detection 
system. This design alternative stores remediation waste in 55-gal drums which are then stacked in 
clusters of eight in concrete bins. The enclosed concrete bins are then stacked within the cell liner. 
Because of the multiple containerharrier system, the cost for this alternative would be the most 
expensive. The footprint for this facility would be larger because of the wasted space within each 
concrete bin. The rctrievability would be good for this alternative as well. This alternative was 
screened out because its cost, large footprint, and the additional time and effort to construct the 
facility could not be justified by its high level of protectiveness. 
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The' Pyramid alternative was not as favorable as the other design alternatives because of several 
concerns. Schedule concerns for expediting the remedial actions would be dependent on acquiring the 
large volume of granite stone and construction. Monitoring and retrieving the remedial waste would 
be difficult in this structure due to accessibility. The downgradient wells would be the only indication 
of a contaminated plume. A liner system could be added to this alternative but would increase the 
total cost and the cost would be already one of  the highest of any of  the alternatives examined.. The 
remedial waste would be not segregated but would be stored in a bulk capacity. The facility would be a 
totally enclosed rigid structure and would require stringent alternative standards to prevent 
differential settlement which could crack mortar joints and ultimately breach the barrier. From this 
standpoint, long-term maintenance would be required. This alternative was screened out because of 
cost, concerns about settling, availability of materials, and concerns about the facility's ability to 
contain and monitor the waste. 

The Waste Pile alternative would be a short-term waste management solution. The remediation 
waste would be enclosed with a surrounding geomembrane. The facility footprint would be smaller 
than the other alternatives because the waste would be stored as bulk. Waste retrieval would be 
achievable but would be more difficult and would be measured similar to the Abovegrade Storage Cell. 
Logistics of daily operations would be difficult because the waste pile would be open to the 
environment. The protectiveness of this alternative would be poor. The design used at  Rocky 
Mountain Arsenal does not support the active management of waste as envisioned in the 10 Year 
Plan nor does it  meet the basic requirements for a CAMU described in RFCA. This alternative could 
be modified to include a double linerlleachate system, but it would still lack the protectiveness of 
other alternatives. This alternative was screened out because of  poor protectiveness, an inability to 
support cleanup operations, and an inability to meet 6 CCR 1007-3 Part 264, Subpart N as required 
by RFCA. 

The No Action alternative was retained throughout the screening process because NEPA requires it 
as a baseline. The No Action Alternative essentially means the remediation waste would be prepared 
for offsite disposal when it is generated and no CAMU alternative would be available. This would 
result in an early expenditure of funds to meet treatment, transportation, and disposal costs which 
would limit the funds available for actual cleanup activities in support o f  site closure. The No Action 
alternative would have the lowest life-cycle cost in comparison to the other alternatives when 
disposal cost are included in each estimate. This cost would be offset be less protective storage which 
could be suitable for small volumes and short durations. 

The following four selected alternatives reached the final screening: 

0 Abovegrade Storage Cell 

Concrete-lined Cell with bulk placement 

Metal Buildings 

No Action Alternative 

Several o f  the factors which affected the selection of these alternatives for the final comparison are 
explained below. 

The Abovegrade Storage Cell alternative was retained for further evaluation for several reasons. 
First, i t  is proven technology. Second, the liners and leachate collection system would provide the 
ability to detect leaks and recover contaminants prior to entering the environment. Third, this 
alternative would offer flexibility, retrievability and still remains one of  the least expensive over the 
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long term. Finally, this alternative would support RFCA in terms of design requirements, and would 
support the 10 Year Plan by providing the necessary flexibility. This alternative would be similar to 
the standard hazardous waste landfill built to RCRA Subtitle "C" standards and would be built above 
the existing grade to prevent groundwater infiltration. 

The Concrete-lined Cell with bulk placement alternative was retained for further evaluation 
for several reasons. First, the concrete cell would add another layer of protectiveness to groundwater 
from the leachate generated during placement and storage operations. Second, this alternative would 
be flexible and would allow for modular installation that would optimize the sizing of the cells and 
timing of the installation as waste is generated. For example, the first module would be sized for 
25,000 to 33,000 cu yd of waste, and therefore, can be installed more quickly. Subsequent cells would 
be added as needed up to a total capacity of approximately 100,000- 400,000 cu yd. . This 
flexibility would also expedite risk reduction activities under the Site Vision. Third, this alternative 
provides a fair degree of retrievability because it uses a combination of containers and bulk storage. 
Finally, this alternative would meet the RFCA requirements in 6 CCR 1007-3, Part 264, Subpart N. 
which allows the flexibility to utilize the facility for either short-term or long-term storage. 

The Metal Buildings alternative was retained for hrther evaluation because it would allow for ' 

interim storage of the waste until the final disposition is determined. Storage of waste would allow 
remediation to proceed in a timely fashion. The waste would be stored in cargo containers and could 
be fully monitored and recovered. It was, therefore, believed that public perception and acceptance 
of this alternative would be high despite the higher cost and shorter life. 

The No Action alternative was retained for the final screening because i t  must be assessed to meet 
NEPA values and 10 CFR 1021.32 I(c) requirements. 

The final design alternative comparison used the RFCA criteria, as discussed in Section 6 ,  to select 
the best alternative. 
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6.0 COMPARISON OF SCREENED ALTERNATIVES 

The four alternatives discussed below are all based on the scenario that assumptions used to generate 
the schedules for risk reduction in the Ten Year Plan become invalid: In other words, in the event 
that waste generation, storage, or shipment assumptions in the Ten Year Plan become invalid, one of 
these four alternatives would be necessaj  to ensure that risk reduction activities and site closure at 
WETS remain on schedule. Any alternative used for storage at RFETS would be an interim action 
that would eventually require resources for offsite disposal. The value of these interim action 
alternatives is to serve as a contingency to ensure that risk reduction activities such as source 
removals and building D&D would be implemented in a timely fashion consistent with the Ten Year 
Plan. 

Based on the analysis presented in this decision document, bulk placement of the remediation waste 
in the Concrete-lined Cell at the site east of the Solar Pond was the remedy selected for management 
of remediation waste. The abovegrade Concrete-lined Cell with bulk placement was selccted from the 
four final alternatives screened in Section 5.0: 

No Action Alternative (Defined as utilizing current waste management resources and facilities 
recognizing Ten Year Plan assumptions would not be supported) 

0 Abovegrade Storage Cell 

0 

0 Metal Buildings 

Abovegrade Concrete-lined Cell with bulk placement 

These four design alternatives were compared using the seven RFCA criteria from Paragraph 109a 
(DOE, 1996a) to select the best alternative for remediation waste management at RFETS. The 
seven RFCA criteria are as follows: 

1. Worker Safety 
2. Protection of Public Health and the Environment 
3 .  Transportation 
4. Facility Design, Containment and Monitoring 
5 .  Institutional Controls 
6. Cost 
7. Community Acceptance 

Two other criteria have been included that address NEPA values: 

Short-Term Effectiveness 

Long-Term Effectiveness and Permanence 

A summary of the final comparison of the four scrccned Altcrnativcs is providcd in Table 6-1. 
Statements concerning public acceptance serve as placcholders and would bc modified based on public 
input as the review cycle progresses. 
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Table 6-1 S L  

I /  
['Final Design 
/ I  A l t e rna t i ve  
i l  
I I  
ebovegrade  
Storage Cell 

/I 
1; 

I! 

/ I  

j j 
I 
,il 

I Concrete- l ined 
,Cell wi th Bulk 

lPla e e nt 
I !I il 
11 
.I/ 
i; 
[Metal Bui ld ings 
/! 
I 

Risks to workers is similar 
for all alternatives 
considered. Spraying of 
water during construction 
would reduce exposure to 
dust. Location is in a low 
traffic area. 

;. /Alterna t i ve  

RCRA double liner system 
provides groundwater 
protection. Concrete walls 
and floor provide additional 
protection. Leakage can 
be detected and collected 
prior to reaching liner 
svstem. 

RFCA Criteria RFCA Criteria 
Worker Safety I Protection of Public 

I 
Health and the 

Envi ronment  

Risks to workers are 
similar for all alternatives 
considered. Spraying of 
water during construction 
would reduce exposure to 
dust. Location is in a low 
traffic area. 

RCRA double liner system 
provides groundwater 
protection. Leakage would 
be detected in the liner 
system 

Risks to workers is similar 
for all alternatives 
considered. Spraying of 
water during constructicn 
would reduce exposure to 
dust. Location is in a low 
traffic area. 

Increased exposure due 
to less containment 
(sources exposed). 
Cleanup schedule could 
be impacted. 

Containerized waste and 
building reduces exposure 
to the workers and the 
public. Visual inspections 
allow leaks to be detected 
before release to the 
environment. 

Less protective due to 
multiple storage areas with 
no containment. Sources 
could remain exposed to 
the environment for a 
longer period. 

RFCA Criteria 
T ranspor ta t i on  

Zentralized location. minimizes 
lransportation requirements 
msite. Design and location 
should have minimal impact on 
existing traffic patterns. 

Centralized location minimizes 
transportation requirements 
onsite. Design and location 
should have minimal impact on 
existing traffic patterns. 

Centralized location minimizes 
transportation requirements 
onsite. Design and location 
should have minimal impact on 
existing traffic patterns. 

Upgrades to existing facilities 
would be needed to accommo- 
date offsite shipments. 
Current RFETS storage 
capacity would not support 
Ten Year Pian. 
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. 

rge Facility 
RFCA Criteria 

Faci l i ty  Design, 
Containment and 

Moni tor ing 

Liner system provides 
additional containment plus 
the ability to detect leaching. 
Air monitoring could be 
performed in conjunction with 
existing RFETS monitoring. 

Leachate would be detected 
and collected in a cell 
collection system prior to 
reaching the subsurface liner. 
Air monitoring would be 
performed in conjunction with 
existing RFETS monitoring. 

Waste would be in containers 
which would be more easily 
monitored visually. Air 
monitoring would be performed 
in conjunction with existing 
RFETS monitoring. 

Additional inspection due to 
unconsolidated sources. Less 
containment. 

RFCA Criteria 
Inst i tut ional  Controls 

The RFCA acts as an 
institutional control requiring 
Zontinued maintenance of the 
facility. Since the use of the 
facility is for short-term 
storage, controls beyond 
those inherent in RFCA are not 
necessary. 

The RFCA acts as an 
institutional control requiring 
continued maintenance of the 
facility. Since the use of the 
facility is for short-term 
storage, then controls beyond 
those inherent in RFCA are not 
necessary. 
The RFCA acts as an 
institutional control requiring 
continued maintenance of the 
facility. Since the use of the 
facility is for short-term, 
storage, then controls beyond 
those inherent in RFCA are no1 
necessary. 

Institutional controls would 
exist for offsite facilities. 
Current RFETS institutional 
controls apply. 

17 ~ 
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Table 6-1 (continuea 
/ I  

NEPA Evaluat ion 
Cos t ’  Final Design 

A l t e r n a t i v e s  

A b o v e g  rade  
Storage Cell 

NEPA Evaluat ion 
Community Acceptance 

Conc re te - l i ned  
Ce l l  
With Bulk 
P lacemen t  

NEPA Evaluat ion 
Shor t -Term 

E f f e c t i v e n e s s  

~ 

Metal Bui ld ings 

NEPA Evaluat ion 
Long-Term Effect iveness 

and Permanence 

No Act ion 
A l t e r n a t i v e  

This storage alternative has a 
high total cost of $1 19M plus 
cost of offsite disposal and 
requires a large footprint for the 
total facility. 

Monitoring and retrieving the 
waste is more difficult with this 
option. 

This storage alternative has a 
total cost of $77M plus cost of 
offsite disposal. The cost benefit 
outweighs other alternatives and 
allows more resources to be 
applied to risk reduction rather 
than waste management. Option 
offers an ability to monitor and 
retrieve waste at a relatively low 
cost. 
This storage alternative has a 
cost of $161M plus cost of 
offsite disposal, not including the 
additional lost for the liner system 
required in RFCA. The high cost 
is the result of the container 
costs. 

This alternative offers 
monitoring and retrievability of 
the remediation waste but 
physical inspection is not to 
the degree that metal buildings 
would offer. 

This alternative combines easy 
monitoring and retrievability 
with offsite disposal. Visual 
leak inspection is possible. 
Protectiveness is less than 
other onsite options. 

This alternative has cost of 
$216M. This cost is driven by the 
cost for containers, waste 
treatment, and offsite disposal 
costs. Cost does not include onsit1 
waste management if offsite 
availability is impacted. 

Waste would.be sent offsite on 
a schedule not consistent with 
the Ten Year Plan. Risk 
reduction timeline may 
increase. 
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Reduces waste handling 
requirements for accelerated 
actions and DBD projects. 
Focuses resources on risk 
reduction. Design less flexible. 
than other alternatives. 
Reduces waste handling 
requirements for accelerated 
actions and DBD projects. 
Modular design allows for rapid 
construction. Focuses 
resources on risk reduction. 

Additional packaging 
requirements needed to 
containerize waste. Rapid 
construction would speed up 
availability of facility. Not as 
suitable for volumes >100K yd 

Readily available to support on 
going projects. Additional effort 
needed for packaging, 
transportation, and 
documentation requirements. 
Ability to store on site may limit 
risk reduction. 

Provides sufficient permanence 
for an interim solution. Utilizes 
natural non-degradable 
materials in cap and liner design 
to support long-term use. 

Provides sufficient permanence 
for an interim solution. Utilizes 
natural non-degradable 
materials in cap and liner design 
to support long-term use. 

Provides sufficient permanence 
for an interim solution The 
buildings themselves are not as 
effective for the long-term due 
to high maintenance. Not very 
reasonable for volumes >100K 
cv vd 
All offsite disposal facilities . 
under consideration have been 
designed for long-term use. Not 
effective if source removal 
delayed. 

1. Cost estimates, except the No Action Alternative, do not include offsite shipment and disposal which is deferred until closure of the RWSF. 
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Worker Safety - Each of the Alternatives posed standard industrial risks to workers. All of the 
Alternatives would be labor intensive to implement but would not pose any unusual risks. Air 
monitoring, spraying to minimize dust, and the use.of a daily cover would protect plant workers from 
airborne contaminants during construction and operations. Once constructed, the onsite Alternatives 
would pose minimal risk to RFETS’ workers because engineered barriers would contain the 
remediation waste. 
alternative could require that sources remain exposed to the environment, increasing risk. 

Protection of Human Health and the Environment - In  terms of design, the Concrete-Lined 
Cell with bulk placement had the most protective design elements. The leachate collection system in 
the concrete floor of the cell would have a significant advantage. Unlike the above-grade storage 
cell, contaminants could be detected and captured within the cell. In the above-grade storage cell 
design, the contaminants would be captured in the first or second layer of liners. The Metal Building 
alternative could also contain the leakage in the structure or in a liner system. 

In addition, the selected site is in an area of minimal traffic. The No Action 

The No Action alternative would immediately have to rely on an offsite facility to provide 
protection. Unfortunately, because this alternative would provide less immediate source removal, the 
overall RFETS protectiveness would decrease since risk reduction could not occur as scheduled. It was 
assumed that a permitted offsite disposal facility would afford adequate protectiveness once the waste 
is placed. The additional time necessary to achieve risk reduction due to waste volume, storage, or 
shipment restrictions would increase risk to human health and the environment. This would result in 
more contaminant sources remaining exposed in the environment and could actually increase the risk 
to, human health and the environment. 

All of the Alternatives would offer protection from erosion. Likewise, there would be little 
difference among the Alternatives in terms of biological impacts since these impacts were expected 
to be minimal. 

Transportation - The central location of the RWSF would minimize onsite transportation of 
remediation waste. In addition, the location is in a low traffic area. The eventual shipment offsite, 
however, would require additional transportation either by truck or by rail. For all of the 
alternatives, upgrades to RFETS shipping and transportation facilities would be necessary. 

Facility Design, Containment and Monitoring - All of the onsite Alternatives would have 
features to provide additional containment and monitoring. The Concrete-lined Cell with bulk 
placement would have the best physical containment because both the cells and the liners have a 
leachate collection system. The Metal Building alternative would offer the ability to visually 
monitor the waste, plus the waste and the containerized waste could be easily retrieved for shipment. 
This design was not, however, as conducive to extremely large volumes of bulk storage. The 
Abovegrade Storage Cell would not offer the same degree of monitoring or containment as the two 
other onsite options. The No Action alternative would require additional resources for inspection of 
remediation wastes awaiting shipment and disposal. 

Institutional Controls - The selected location in the Solar Ponds Area combined with RFCA would 
act as an institutional control since the DOE must comply with paragraph 278 of RFCA which would 
require continued maintenance of a containment system in the event that the property is leased or 
the title is conveyed to another party. Because the RWSF would only be operational as long as 
operations were continued in the Industrial area, additional institutional controls beyond the existing 
controls were not deemed necessary. For the No Action alternative, institutional controls of some 
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form would likely exist; for offsite facilities, however, DOE and CDPHE involvement in those 
controls could be minimal. 

Cost - Based on near-term costs, the concrete-lined cell would be the least expensive interim 
alternative ($77,300,000). The Abovegrade Storage Cell would be more expensive ( $ 1  18,800,000) 
than the concrete-lined cell because its footprint would be bigger and would require more site 
preparation and fill material. The cost of the Metal Buildings ($161,400,000) was also greater than 
the cost of the concrete-lined cell because it would require containers and would have a larger 
footprint. 

The costs for each alternative are listed in Table 6- 1. A more complete breakdown of costs are in 
the alternative descriptions in Appendix E and in the backup for the facility design screen in 
Appendix F. None of the cost estimates (except No Action) included offsite disposal which was 
assumed to be deferred until the waste could be removed from storage. 

Community Acceptance - The no action alternative would limit risk reduction and therefore was 
deemed least acceptable. Because only temporary storage of the waste is being proposed, ultimately 
there must be some community impact with any of the options. Of the three onsite options, the 
metal buildings would likely be the most acceptable option. to the public since this alternative would 
offer the ability to inspect the waste in containers and to easily retrieve the containers for offsite 
shipment. Furthermore, since metal buildings would have a limited useful life, the community might 
find this a more acceptable alternative since it would have a limited ability to provide long-term ' 

storage. All of the alternatives would have the ability to monitor and retrieve the stored waste. The 
ease of retrieval varies between alternatives. 

Short-Term Effectiveness - Because only temporary storage is being considered, the relative 
importance of that criterion was elevated. Particular emphasis would need to be placed on 
supporting an accelerated cleanup of WETS as described by the Ten Year Plan and RFCA. One of 
the main advantages of the onsite alternatives was the ability to defer the cost of offsite disposal. 
Use of the RWSF would allow the immediate cleanup of high risk IHSSs as well as the D&D of more 
buildings in a shorter time frame. The RWSF could also impact the plant mortgage by allowing more 
mortgage reduction activities to occur and thereby reducing the mortgage sooner. 

The other issue of short-term etfectiveness was logistics. In the event Ten Year Plan assumptions 
fail, short-term effectiveness at WETS would be limited until a facility was available to handle large 
volumes of remediation waste. Once the RWSF was built, dealing with the remediation waste would 
be easier than shipment to an offsite facility because packaging, sampling, documentation, and 
transportation issues would be much easier to address. An Abovegrade Storage Cell and the Concrete- 
lined Cell would allow bulk waste to be placed in the facility without additional containerization, and 
onsite transportation requirements would be minimal. 

Because of convenience and initial cost, the Abovegrade Storage Cell and the Concrete-Lined Cell 
would best support the implementation of D&D and Environmental Restoration actions if waste 
volumes significantly exceed projected estimates. The Metal Building alternative would require some 
additional packaging effort and the No-Action alternative would require additional preliminary 
efforts to both package and transport the waste; however; all of the alternativcs would require these 
actions for eventual offsite shipment. 

Long-Term Effectiveness and Permanence - Since at the closure of the RWSF all of the waste 
would be shipped offsite for disposal, the long-term ability of any alternative would be dependent on 
the offsite disposal facility selected. However, the relative permanence and long-term effectiveness 
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of the selected alternative would be important because they would generally be indicative of the 
facility's protectiveness. Also, permanence would allow the flexibility for long-term storage should 
there be a need. 

Of the four alternatives, the Concrete-Lined Cell with bulk waste placement would have the greatest 
degree of long-term effectiveness and permanence based on the extra protection offered by the 12- 
inch-thick concrete walls and 18-inch-thick floor. The internal concrete structure would add both an 
additional barrier to leakage as well as internal structural support for the facility. 

The No-Action alternative and the Abovegrade Storage Cell would also offer good long-term 
effectiveness and permanence. The Abovegrade Storage Cell would offer about the same degree of 
permanence as the concrete-lined cell because it would utilize a similar liner system and a contoured, 
impervious interim cap. However, the Abovegrade Storage would not have the additional protection 
of the concrete infrastructure of the concrete-lined cell: The Metal Building alternative would offer 
the least amount of long-term effectiveness and permanence. Since the facility would only be 
intended for temporary storage this translates into only limited flexibility. 

The Concrete-Lined Cell was selected because of the following criteria: 

0 It would be protective of the environment and human health. The engineered features would 
provide additional protection that the other alternatives do not have such as a multiple layer 
interim cap and an 18-inch concrete floor with its own leachate collection system. 

Ii would provide more flexibility in storage options since it .could accommodate either bulk 
storage or containers and would be suitable for volumes from a minimum of 33,000 cu yd to 
400,000 cu yds.. It would also offer the retrievability needed for short-term storage combined 
with the protectiveness of a more permanent 'facility. 

, 

0 I t  would best support environmental restoration and D&D activities since bulk waste could go 
from treatment or excavation right into the facility. Plus the circumvention of the 
transportation requirements and packaging requirements would allow these activities to become 
more efficient and cost-effective. In the near-term, it would cost less than the No-Action 
alternative and, therefore, would free up funding for additional mortgage reduction activities and 
accelerated environmental actions. Finally, it would be the least costly of the onsite alternatives. 

0 I t  could be easily expanded. Because this alternative would be installed in a modular fashion, 
additional cells could be built adjacent to the original cell if needed. What is more, the use of 
modules would allow one module to be filled while another is being constructed. This would create 
flexibility for future waste management decisions while not committing funds until necessary. 
Finally, this modular design would conform well to the Ten Year Plan and RFCA as well as plans 
for the future use of WETS. 
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7.0 SELECTED REMEDY 

Section 7.1 describes the selected alternative and gives more detail of how the alternative meets the 
objectives of the I M A M ,  the RFCA, and the CAMU criteria. The basis for the selection of the 
specific alternative is described in Section 7.2, with a discussion of how the selected alternative meets 
the objectives of the IM/IRA that were outlined in Section 1. A Risk Evaluation is provided in 
Section 7.3 which discusses studies that.were performed to assure that the RWSF would meet design 
and monitoring requirements included in RFCA and in the CAMU rule. Section 7.4 discusses 
technical and administrative controls for the CAMU that would meet the requirements identified in 
RFCA paragraph 80. Discussion of how NEPA values were addressed throughout the document is 
included in Section 7.5. Conceptual waste acceptance criteria (WAC) are described in Section 7.6. 
Section 7.7 discusses operational controls and plans that would control the activities and waste 
operations of the RWSF. 

7.1 REMEDY DESCRIPTION 

The selected alternative, the Concrete-lined Cell, would consist of a series of modular cells, each sized 
for approximately 33,000 cu yd of waste with the ability to expand up to 400,000 cu yd, as 
appropriate, to meet storage needs. The concrete-lined cell would be located immediately east of the 
Solar Ponds in the northeast quadrant of the Protected Area. (See Figure 7-1). This facility would 
be placed abovegrade with the lowest point of the leak detection system also being abovegrade. The 
RWSF would be designed with a double composite liner system with modular concrete cells which 
meet the requirements of 6 CCR 1007-3, Part 264, Subpart N (See Figures 7-2 and 7-3.) An 
impervious interim cover would isolate wastes from infiltration and erosion. An example of a type 
of impervious interim cover is included in Figure 7-3. The liner would comply with RCRA Subtitle 
"C" requirements as defined in 6 CCR. 1007-3, Part 264. For the purpose of cost estimating, the 
conceptual design currently incorporates the following features: 

Self-supporting reinforced concrete structure 

0 

0 

A facility size of 500 ft long by 360 ft wide and I4 ft deep (approximately 4.13 acres) 

Up to three modules, each 500 ft long by 120 ft wide further divided into compartments for 
waste segregation in bulk or cargo containers 

e A reinforced concrete slab with cast-in-place drain channels and sumps to collect leachate 

0 External and internal reinforced concrete walls with integral waterstops 

0 A composite double liner and leachate detection/collection system 

An operational cover to enclose the cell/module during operations for fugitive dust controls and 
to reduce the generation of leachate 

An impermeable interim cover system which would slope at a 3% grade 

Five monitoring wells for groundwater monitoring 

The leachate transfer and storage system would be provided to manage leachate that would be 
collected in the RWSF. Leachate would be transferred from the RWSF to a treatment system, as 
necessary. 
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Groundwater monitoring would be done in accordance with all applicable rules and regulations, 
including, but not limited to, CAMU requirements in 6 CCR 1007-3, Section 264, Subpart S.  A 
groundwater monitoring plan would be prepared and submitted during the design .review process. 

During operations, an operational enclosure (a sprung structure) would cover the cell/module to 
minimize hgitive dust.and reduce the infiltration and generation of leachate until the interim cover 
has been established. Waste would be placed in the facility in bulk or in containers. In addition, this 
facility would allow for the options of placing waste in cargo containers or segregating wastes. 

Once a module/cell had reached capacity with remediation wastes, an interim cover would be 
constructed and the temporary sprung structure would be removed. The interim cover would be 
approximately two feet thick and consist of vegetative cover, drainage layer, and an impervious 
geosynthetic membrane (e.g., high density polyethylene). The cover would be sloped 3% - 5% to 
promote drainage. 

a 

7.2 DECISION BASIS 

A concrete-lined cell in the Solar Ponds Area was selected and justified based on the screening criteria 
and the final comparison criteria presented in Sections 5 and 6 of this Decision Document. TO 
hrther support that selection, this section provides an evaluation of the selected remedy in terms of 
the original objectives of this document as presented in Section 1 .O. Section 7.2.2 summarizes the 
value engineering study performed and the basic benefits of the selected remedy. 

7.2.1 Objectives 

As stated in Section 1.1.1, there are four main objectives of this I M A M .  The selected remedy meets 
those objectives in the following manner: 

1 .  In support of the RFCA and the Ten Year Plan, the management of low-level, low-level 
mixed and hazardous remediation waste must ensure the safety of the public, RFETS 
workers, and the environment through reliable, effective, protective, and cost-effective 
management of remediation wastes at RFETS. 

The selected remedy addresses this objective through the following safety features: 

All work including construction, filling operations, handling, and transportation would be done 
under an approved health and safety plan (HASP). 

0 The remediation waste that would be placed in this facility would generally have very low levels 
of radionuclides. 

Work would be performed under the oversight of industrial hygienists, occupational safety 
professionals, and radiological engineers. 

Workers would be required to undergo extensive training based on the specific hazards of their 
job. 
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0 A wide range of dust suppression measures would be taken during construction, transportation, 
handling, and filling operations to ensure that fugitive emissions of vapors or particulates were 
not generated. Dust control activities during handling,' transportation, construction, and 
placement could include an operational cover, dust suppression sprays, high wind shut-downs, or 
other precautions. 

Various types of monitoring would be performed to ensure not only the safety of the public and 
WETS workers but also the protection of thc environment. This would potentially include air 
monitoring for particulates and contaminants, radiological monitoring, ground water monitoring, 
and surface water monitoring. 

e 

0 Once a module or cell was filled, an interim protective cover would be placed over it 

The facility has numerous design features added to ensure protection of human health and the 
environment. Some of these protective measures are as follows: 

0 

0 

0 12-in.-thick reinforced concrete walls 

An impervious interim cover to reduce infiltration-related leaching and soil erosion 

An 18-in.-thick reinforced concrete slab floor 

Waste separation through the use of compartments built into the. modular design 

Two leachate collectioddetection systems, one system to be built into the floor of the facility; 
the second system to be built into the liner system 

0 A multiple-layer liner system that utilizes both synthetic and natural materials 

A groundwater monitoring system 

2)  The solution must support a flexible waste management policy combining 
contingencies for both long-term storage and shorter-term stagingktorage for offsite 
disposal while recognizing the uncertainties associated with current waste volume 
estimates and future offsite disposal availability. A flexible policy would ensure that 
the most timely and cost-effective strategy that supports RFCA and TYP objectives can 
be developed. 

The selected alternative would support a flexible waste management policy by serving as a bulk 
storage facility in the event that remediation waste must be stored onsite for an extended duration. 
This CAMU would compliment another CAMU designation for a storage facility to hold 
containerized waste since this would cover a ful l  spectrum of contingencies. A storage facility for 
containers could meet the need for staging, handling, and short-term storage, whereas the RWSF 
would be needed if the waste had to be stored for long period or if the volume of waste was so large 
that a metal building would be impractical. In addition, the RWSF would support a flexible waste 
management policy as follows: 

' The RWSF would be able to accept both containerized and bulk waste. 

The RWSF would have a small footprint that would allow more waste to be stored in a single area. 
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AI te r n at i ve 

The RWSF would use a modular design that would allow the facility to be adjusted for varying 
waste volumes and waste types. The facility could be adjusted to the influx of remediation waste. 

The RWSF could segregate and isolate different waste types. 

Total Life Cycle Cost 

Future modules could have customized containment and monitoring features. 

3) The management of low-level, low-level mixed, and hazardous remediation waste 
must result in a cost-effective solution. 

Xbovegrade Landfill $1 18,800,000 
Pyramid $1 40,300,000 
Concrete-lined Cell with bulk placement $77,320,000 
Concrete-lined Cell with containers $1 65.650.000 

If storage is needed, the Concrete-lined Cell would be the most cost-effective of the alternatives 
considered that could meet RFCA criteria. Table 7-1 gives the total life cycle costs for all of the 
design alternatives considered. 

Hardened Concrete Vault 
Silo Design 
Slab on Grade 

$1 81,630,000 
$1 07,300,000 
$1 41.600.000 

Metal Buildings 
Entombment 

$1 61,400,000 
$525,000,000 , 

Waste Pile 
No Action 

* 1 .  The No Action alternative represents the cost for disposal of remediation waste volumes offsite whereas the 
other alternatives do not address disposal costs. The No Action alternative has the lowest cost meeting offsite 
disposal goals. 

$36,669,000 
$21 5.900.000 

Based on professional judgment, the cost differences between location alternatives were not as 
significant as cost differences between the design alternatives and the final alternatives. 

In terms of cost, the CAMU should still be an alternative to the Ten Year Plan in case additional 
storage is needed. Even though onsite storage could have lower initial costs because disposal would be 
deferred, the No Action alternative for shipping remediation waste offsite offers the lowest life-cycle 
cost. 

4)  A means of consolidating remediation waste in one location is needed to support near- 
term risk reduction goals while addressing long-term liability and safety issues. 

The location and design were selected to allow large quantities of remediation waste to be 
consolidated at a single location. Not only does the location and design allow the physical 
consolidation of the waste but it  also allows waste management activities such as operations, 
monitoring, and inspection to be consolidated as well. 
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The selection of a Concrete-lined Cell in the Solar Ponds Area would be consistent with future land 
use, (DOE, 1995a) the Site Vision, (Kaiser-Hill, 1996b), and also the RFCA. The ways that the 
selected alternative supports the Site Vision and reasonably foreseeable future land uses are as follows: 

The RWSF would be a storage facility which would be consistent with the Site Vision goal of 
dispositioning remedial waste in a safe manner. 

The site selected is in the Industrial Area of RFETS and could potentially extend over several 
IHSSs. Reasonably foreseeable future land use for this area would be for limited industrial use. 
The area near the Solar Ponds would be far enough away from any building that might be reused 
so as not to impact any future RFETS activities. 

e 

The design and centrally located site would facilitate monitoring and maintenance. Monitoring 
could be performed in conjunction with monitoring activities already required for the industrial 
area. Existing air monitoring systems could also support monitoring for the RWSF. 

7.2.2 Summary of the Value Engineering Study and Selected Remedy Benefits 

As part of the effort to define the design concept for the RWSF and in accordance with DOE Order 
4010. la, a value engineering study was performed. In the value engineering analysis method, multiple 
alternative approaches of accomplishing the project functions were subjected to qualitative and 
quantitative techniques to determine the value of each. The alternative which represents the highest 
value was selected for further development. 

Four categories of protective elements, elements that were considered essential components of any 
acceptable design and that represent the highest costs of implementability and operation of the 
facility, were selected for inclusion in the value engineering study: 

0 

Protective barriers at the bottom of the facility (liners and/or other structures) 

Protective barriers at the top of the facility (interim cover and/or other structures) 

0 Waste placement 

0 

Many combinations of construction and placement were identified that could accomplish the 
functions associated with the four categories. An application of the value engineering techniques 
identified a design incorporating a concrete structure, conventional liners, and an interim cover. 
Waste would be placed in bulk (rather than in individual containers) to represent the highest value. 
The results of the value engineering study independently validated the selection-of the Concrete- 
lined Cell with bulk storage-attained through the alternatives analysis process. 

Waste removal (exhumation at end of storage period) 

To support the selection of a Concrete-lined Cell at the Solar Ponds Area, the following advantages 
are cited: 

The modular design offers the greatest degree of flexibility including the following attributes: 

- A wide variety of waste types could be accepted and kept segregated 
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- Debris could be placed in the facility without additional characterization, compaction, or 
size reduction 

- The facility could be expanded as needed to meet the needs of cleanup at WETS as the 
cleanup progresses 

The RWSF could accept both bulk and containerized wastes - 

- The RWSF could store waste for varying durations 

0 The facility would have a high degree of protectiveness because of the concrete containment 
system, the additional liners in the subsurface liner system, and the interim cover. All of these 
features offer much greater protection than would be found in a typical storage facility. 

0 One major advantage would be that the concrete containment system would allow for the capture 
of contaminants before they reach the subsurface rather than depending on the liner system. 
Media below the facility would not be contaminated should leaching occur. The liner system 
would act only as additional back up barriers or as tertiary containment, rather than as the 
secondary containment system. 

The facility would be situated in an area where contamination is already present. 

The selected location had strong CDPHE support based on previous input. 

The facility would be centrally located to many of the IHSSs that need remediation. 

~ 

0 

The RWSF would minimize indirect effects on the environment its location in the Industrial Area 
where existing infrastructure would support the use of the facility. 

Because the RWSF would be built on an existing facility in an area previously contaminated, it would 
not disturb additional areas on WETS and it would minimize cumulative effects on the environment. 

In selecting a remedy, emphasis was placed on flexibility and environmental protection. In part the 
remedy was selected because i t  could safely contain remediation waste for any period of time 
necessary. If the waste could not be removed in a reasonable amount of time, then the facility would 
have to be durable enough to ensure the protection of human health and the environment until the 
waste could be removed. An added benefit of using this facility for long-term storage is that it could 
allow the time needed to develop new treatment technologies or alternative offsite disposal sites. 

7.3 RISK EVALUATION 

A number of studies have been conducted to provide assurance that the recommended alternative 
would meet the established criteria for the RWSF. These analyses were conducted to support CAMU 
criteria for protection of public health and the environment as listed in 6-CCR-1007-3 Part 264.552 
(c). The analysis of risk was divided into the following three main exposure pathways: 

0 Offsite transport of contaminants through the groundwater to neighboring surface waters 

Worker exposure to radionuclides during operations 

Offsite fugitive dust emissions 
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The potential for vertical contaminant migration through underlying geologic strata into the 
Laramie-Fox Hills aquifer was previously addressed and was considered to be an unrealistic scenario 
(RMRS, 1996). The most conservative calculations of volatile organic contaminant transport 
indicated that travel times of at least 17,000 yr would be required for contaminants to migrate to the 
deep aquifer, which greatly exceeds the 1,000 yr time-frame considered. in this document. The 
analyses performed in this report confirmed the conclusions reached by the U.S. Geological Survey 
(Hurr, 1976) that plant operations would not impact this aquifer. More information on potential 
contaminant migration to the Laramie-Fox Hills aquifer is contained within the “White Paper 
Analysis of Vertical Contaminant Migration Potential” (RMRS, 1996). 

Exposures from inadvertent intrusion into the RWSF after closure were also ruled out primarily 
because waste would be actively managed by inspections and monitoring throughout the life of the 
facility as per RFCA paragraph 80. In addition, it was assumed that as long as wastes remain on-site 
in the protected area (PA) and the site was on the CERCLA National Priorities List (NPL), 
administrative controls would be required to limit access onto the site and five-year public health 
reviews would be required to ensure that the remedies used remained protective as long as waste 
remained onsite. It is also assumed that a f i l ly  integrated sitewide monitoring network would remain 
in effect to detect any releases from this action or any other as long as waste remained on site. 

In addition to the pathways analyses referenced above, an analysis of technical and administrative 
controls were included. These controls are the administrative, design, operational, and post closure 
practices put in place to ensure releases are prevented or are prevented from impacting human health 
and the environment. Institutional controls could include deed restrictions, interagency agreements, 
and other controls. 

7.3.1 
surface waters 

Offsite transport of contaminants through the groundwater to neighboring 

As with most waste management systems, potential accidental offsite releases to the public or the 
environment constitute the majority of risk. Siting criteria, design requirements, and facility 
monitoring requirements were all established to mitigate the likelihood of a release event occurring. 
Several studies relative to the location of the RWSF, as well as the design itself, were conducted to 
assess the likelihood of a release and the resulting level of contamination associated with such an 
event. One of the pathways considered was a release of contamination from the facility to 
groundwater and .the subsequent transport of contamination to surface waters, where exposures to the 
environment or the public could occur. Three integrated studies were conducted to assess what, if 
any, risks might result from such a relcase: 

Remediation Waste Storage Facility (RWSF) Particle Tracking Study 

Leachate Composition Analysis 

Discharge Composition Analysis 

The first two studics identified the primary parameters for an exposure to occur, travel times, and 
source concentrations of contaminants. The final study defined the overall estimated concentrations’ 
based upon infiltration through interim and long term cover designs. These studies are attached to 
the decision documcnt as Appendix G and arc summarized below. 
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7.3.1.1 Remediation Waste Storage Facility Particle Tracking Model 

The particle ‘tracking study used a site-validated mathematical model to track contaminant flow 
through the groundwater beneath the RWSF and estimated travel times to neighboring surface 
waters. Travel times were based upon varying retardation factors for a particle in contaminant 
categories that include metals, organic compounds, and radionuclides Retardation factors were based 
upon solubility, adsorption coefficients, and other factors that influence a contaminant’s ability to 
flow freely within the groundwater. The retardation factors were either obtained from literature 
values or from WETS-specific values. The time frames considered for transport were 30 yr, 500 yr, 
1,000 yr, and 10,000 yr. The times used all exceeded the estimated operational life of the storage 
facility since the intent of the facility would be to support site closure within the 10 Year Plan time 
frames by providing a facility for storage only. Travel times did not assume any engineered barriers 
at the top or the base of the RWSF. These times were extremely conservative due to the assumption 
of no engineered barriers and represented a worse case scenario. In addition to the conservative 
travel times, the study made no representation as to what levels of contaminants would reach 
neighboring surface waters within these time frames but was strictly limited to the travel time for a 
particle of material. 

Metals and radionuclides have extremely high coefficients of adsorption, meaning that metals and 
radionuclides tend to adhere to clays within the surrounding soils and, therefore, exhibit limited 
movement. In addition, clay liner systems within the RWSF would further limit migration. The 
particle tracking models showed that migration would be limited for periods of nearly 1,000 years. 
Given the engineered barriers designed for the RWSF and the limited operational life cycle, discharges 
to surface waters were not expected. In addition, given the levels of metals and radionuclides 
associated with the estimated leachate composition and the estimated infiltration rates into the 
RWSF, no contaminant levels above stream standards were anticipated within the unit boundary. 

Organic compounds present the predominant risk for completing the pathway to neighboring surface 
waters. The particle tracking model predicted that organics could conceivably reach surface waters 
within 100 yr without the engineered caps and liner systems designed for the RWSF. Organics levels 
however, were expected to be very low since thermal desorption technology is currently being used to 
treat soils and debris prior to disposition into a storage facility. Given the anticipated levels of 
organics within the leachate, the levels of organics discharged to surface waters if a potential release 
occurred, would be significantly less than what would be allowable to protect human health or the 
environment and would meet RFCA Action Levels and standards for water. The leak detection 
system of the liners would signal an alarm before a potential release to the groundwater or surface 
waters occurred. These results are detailed in the leachate composition analysis and waste 
composition analysis. 

7.3.1.2 Leachate Composition Analysis 

This analysis identified an estimated leachate composition that was statistically based upon actual 
analytical results for areas at WETS which were considered possible candidate sites for which 
materials could be placed into the RWSF. Multiple waste streams were used to ensure that the 
analysis was based upon a representative sample of likely contaminants for WETS. This analysis 
considered organics, metals, and radionuclide concentrations (see Table 1 ,  Appendix G, p2 1). 
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7.3.1.3 Discharge Composition Analysis 

The maximum contaminant concentrations that may occur in groundwater from a potential release 
from the RWSF were calculated. These calculations were performed on the basis of estimated 
concentrations of contaminants from the leachate composition analysis and the estimated volumes 
of leachate anticipated to be generated as a result of moisture infiltration into the RWSF through the 
interim cover. Two cover scenarios were evaluated, a final closure cover, and a less extensive 
interim cover. The intent of this analysis was to provide a benchmark for estimating maximum 
potential values of contaminant discharge via groundwater into neighboring surface waters from the 
RWSF. This study assumed that no leachate collection was included in the RWSF design. However, 
both a leachate collection system and liner were designed to capture any discharges from the RWSF 
eliminating contaminant transport to the groundwater. The discharge composition analysis study 
represented a worst case scenario where the leachate collection system was inoperable. This did not 
assume a catastrophic breach however, only a failed collection system where leachate was allowed to 
accumulate within the liner system and eventually discharge through the liners into the groundwater. 
Since active management of the system would occur, it is highly unlikely this scenario would exist for 
a time frame long enough to allow leachate to migrate through the liners. These flow rates were 
based upon infiltration rates calculated with the HELP model, an EPA approved model for evaluation 
of engineered barriers (EPA, 1985). 

Based upon an estimated waste stream leachate analysis, no discharges to surface waters above action 
levels were anticipated for either cover scenario. A detailed table listing estimated discharge levels for 
specific contaminants is included in the study (see Table 3, Appendix G). 

7.3.2 Worker Exposure to Radionuclides During Operations 

A radiological dose assessment was conducted to assess the maximum radionuclide activities allowable 
in soils at the RWSF, based on annual exposure limits. The dose assessment used an upper annual 
exposure limit for a worker of 5,000 m r e d y r  (10 CFR 834), and a lower limit of 100 m r e d y r  
(DOE Order 5400.5). The exposure scenario was for a RWSF operational worker and used site- 
specific exposure factors. (See Programmatic Risk-Based Preliminary Remediation Goals, Rev 2, 
DOE 1995). 

The soil activity for each individual radionuclide necessary to give a 5,000 mrem annual dose.to a 
worker at the RWSF is.64,lOO pCi/g of americium-241, 74,900 pCi/g of plutonium-239, and 
1,020,000 pCi/g of uranium-238. The activity of each radionuclide to deliver a 100 mrem annual 
dose is 1,280 pCi/g for americium-239, 1,500 pCi/g for plutonium-239, and 20,400 pCi/g for uranium 
238. These activities were calculated separately for each radionuclide. If all were present, the 
maximum concentration of each to deliver a given dose would be reduced. Actual activities of 
radionuclides in the RWSF would be much lower than those calculated for even the 100 mrem dose. 

Soils and other materials from across WETS would be deposited in the RWSF. Average activities 
would be well below those calculated above for the 100 mrem annual dose, and were estimated to be 
below the Tier I Action Levels for radionuclides in surface soils (Am-239 = 215 pCi/g, Pu-239 = 
1,429 pCi/g, and U-238 = 506 pCi/g, DOE, 1996a). The average activities for soils from the 903 
Pad area, which would be deposited in the RWSF, are 10 pCi/g for Am-241, 347 pCi/g for Pu- 
2391240, and 3 pCi/g for U-238. This indicated that wastes that would be deposited in the RWSF 
would .not pose a radiological health threat to operations personnel.. Waste acceptance criteria 
(WAC) for the facility would establish conservative limits on contaminant levels in deposited wastes, 
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and significant health and safety monitoring would also be conducted. 

7.3.3 Fugitive Dust Emissions 

The fugitive dust emissions.study estimated maximum-allowable activities in wastes deposited in the 
RWSF to deliver a known dose from airborne radionuclide contaminants, transported with dust 
particulates, to an offsite human receptor at RFETS boundary, at 96th and Indiana Street. The study 
conservatively assumed a five-acre area, continuously exposed to wind erosion, with no effects from 
operational barriers such as cover on wastes or containers, and 1995 RFETS meteorological wind 
data. A hgitive dust emissions factor of 66.84 grams/m2 was calculated using EPA procedures: A 
regulatory limit for exposure dose was assumed to be 10 mrem per year. 

As in the worker dose calculations reported above, the upper limit activity to deliver the maximum 
allowable dose (10 mrem/yr) was calculated for each radionuclide. The results estimate that if 100 
percent of the dust load at 96th and Indiana was from the RWSF the activities of Am-241 or Pu- 
239/241 could be up to 220,000 pCi/g. The actual contribution of dust from the RWSF would be 
much less than 100 percent and contributions from RFETS would lower the allowable activity, based 
on air emissions at the RWSF. However, the RWSF WAC would establish administrative controls on 
maximum contaminant levels at the RWSF that would be well below the level of concern for air 
emissions. 

The average levels of radionuclides in RFETS soils were much lower than activities necessary to pose 
a threat to human heallh of a residential receptor at WETS boundary. Average activities were not 
estimated for contaminated debris resulting from D&D actions. The WAC would need to ensure that 
levels of radionuclides in debris are controlled within acceptable limits by pre-disposal, 
decontamination, or packaging. 

7.4 Technical and Administrative Controls 

Technical and administrative controls were implemented in order to ensure, that human health and 
the environment were protected from areas where present or past activities preclude unrestricted 
access or use, controls are implemented. The technical and administrative controls met the 
rcquirements in RFCA paragraph 80 for a CAMU. For the RWSF, controls could be grouped into 
four major elements: . 

Engineering Controls (e.g. double liner system, leachate collection/detection system, interim 
cover) 

Facility Monitoring (e.g. groundwater monitoring plan) 

0 Operational Controls (e.g. .waste acceptance criteria, inspection, H&S plan, contingency/spill 
response plan) 

0 

Engineering controls - There would be specific engineering controls designed into the facility in order 
to support protection of human health and the environment throughout the operational life of the 
facility. The following engineering controls of the RWSF would comply with 6 CCR 1007-3, Part 

Administrative Controls (e.g limited access; institutional controls) 
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264, Subpart N, 264301 - Design and operating requirements: 264.302 - Action leakage rate; 
264.303 - Monitoring and inspection; and 264.304 - Response actions: 

0 Double liner system ( e g  primary barrier - geosynthetic layer; secondary barrier - composite 
layer consisting of clay layer overlain by geosynthetic) 

Leachate collection/removal system (e.g. two systems; the first system is an integral 
collection/removal system constructed in the floor slab with sumps and piping; the second system 
is the coarse sand drainage layer above the primary barrier with integral collection pipes, pumps 
and sumps) 

0 

0 Leak detection systcm (e.g. geonet layer between the primary and secondary barriers) 

0 Interim cover design which eliminates infiltration to the greatest extent practicable and 
promotes drainage with minimum erosion per Subpart 264.3 10 

An internal infrastructure designed to facilitate placement and retrieval of wastes 0 

Facility Monitoring - In addition to the monitoring and inspection per 264.303 for the double liner 
system and a fully instrumented leak detection system, an extensive monitoring network would 
ensure no releases pass undetected from the unit boundary. This would include both air and surface 
water monitoring stations and groundwater monitoring wells upgradient and downgradient of the 
RWSF which would require a groundwater monitoring plan in accordance with 6 CRR 1007-3, Subpart 
F. These requirements would also be integrated into the overall WETS monitoring program to 
ensure that a comprehensive network was in place to help protect human health and the 
environment. 

Operational Controls - Operational controls would be put in place to ensure that waste management 
operations were conducted in such a way as to minimize the risk of release from the facility or 
exposure to personnel: 

An agency-approved waste acceptance criteria specifying a safety envelope for chemical and 
physical waste parameters including appropriate treatment requirements 

An operational health and safety plan approved by the agencies designed to provide operational 
constraints for personnel protection, weather conditions, decontamination procedures, training 
requirements, emergency response, and health and safety monitoring 

Standard operating procedures that establish clear repeatable guidelines for conduct of operations, 
including packaging and transporting of waste from D&D or IHSS remediation locations to the 
RWSF 

Numerous quality assurance procedures from construction quality assurance, as cited earlier per 
Subpart 264.303 (a) monitoring and inspection, to procedural audits all designed to ensure the 
facility and operations meet designated performance standards 

Closure plans that define how the facility would be decommissioned after the life of the 
operations and the performance standards for closure per Subpart 264.3 10 and 264.552 ( e )  

Contingency/spill response plans per Subpart 264.304 would define how the facility responds to a 
release of waste or constituents from the RWSF 
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Administrative Controls - Administrative controls are defined to ensure that risk of exposure during 
construction, operations, and closure are minimized. These may include: 

Appropriate institutional controls (e.g. warning signs, fences, deed restrictions) 

0 Security plans which define site restriction requirements throughout the life of the project 

0 

In summary, numerous technical and administrative controls would be in place to insure that all 
aspects of this effort were conducted in such a way that risks to human health and the environment 
would be minimal. 

Cleanup standards which define the level of cleanup necessary to certify closure 

7.5 NEPA VALUES 

The proposed RWSF would be authorized using a single, integrated Decision Document that would be 
signed by the DOE, and the State of Colorado, when approved. The Decision Document and review 
process would satisfy the documentation and procedural requirements of the RFCA. 
Environmental Policy Act (NEPA) process was integrated into the RFCA documentation and 
procedure, especially public involvement and decision-making, to reduce duplication and paperwork, 
and streamline the combined NEPNCERCLA process. In accordance with the DOE Secretarial 
Policy issued in June 1994, integrated CERCLA/RCRA documents for environmental clean up 
activities are to incorporate NEPA values to the extent practical. This policy is intended to 
minimize the cost and time for document preparation and review while meeting the requirements of 
both acts. 

The National 

The RWSF would be anticipated to minimize cumulative effects on the environment by being placed 
in the Industrial Area because of the following: 

The proposed area in the industrial area was already contaminated and consolidation of waste is 
achieved 

Existing infrastructure already existed which would support the RWSF 

The proposed area was selected based on a detailed siting study which screened out sensitive areas 
(e.g. areas populating the endangered species Prebles Jumping Mouse, steep slopes, wetlands, etc., 
were avoided) 

The analyses required by NEPA were integrated throughout the Decision Document, with a summary 
of the analyses provided in Appendix H. Based on the analyses, the decision-maki.ng process requires 
no further documentation to complete the NEPA process. 

,7.6 CONCEPTUAL WASTE ACCEPTANCE CRITERIA 

Waste acceptance criteria (WAC) would be developed for the RWSF to ensure that remediation 
wastes would comply with applicable regulatory and site requirements. The WAC would set levels for 
those criteria that could be quantified. The WAC would undergo review and approval by regulators as 
part of the detailed Title 11 design review process. The following objectives would be achieved in 
compliance with the WAC: 
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1 .  Remedial wastes would be effectively isolated from potential natural environmental pathways to 
protect the public health and the environment. 

2. RWSF operating personnel and generators would ensure continuous protection to the public 
health and the environment. 

3. Characterization data of the remediation waste would be documented. 

The RWSF would receive remediation wastes from the Site Accelerated Actions and D&D cleanup 
activities which include the following waste types: RCRA; TSCA; LLW; and/or LLMW. The 
majority of remediation waste would be handled in large bulk volumes, such as roll off containers or 
tandem dump trucks, rather than small containerization, such as drums or crates. 

7.6.1 Physical and Chemical Compatibility Criteria 

The WAC would provide physical and chemical limitations and requirements of the remediation 
waste and for the proper management. Process knowledge and/or chemical and radiological analyses 
would become the tools to document accurate characterization of the remedial waste. The following 
areas represent physical and chemical criteria for remedial waste compliance: 

General Requirements 

1. 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

Waste in monolithic or particulate form will be accepted for disposal. 

Waste will contain no free liquids. 

Lack of free liquids shall be demonstrated by EPA Test Method 9095 (Paint Filter Test) or by 
EPA Test Method 9096. If the generator determines that the waste form is not conducive to 
either test method, then documentation must be provided to substantiate the claim that no free 
liquids are present. 

Gaseous waste will not be accepted. Compressed gases as defined by Title 49, CFR 173.300, 
including un-punctured aerosol cans, will not be accepted. 

Aerosol cans will have punctures. Expended gas cylinders must have the valve mechanism 
removed and shall meet the requirements of Section 3.2.4 for debris. 

Pyrophoric waste will not be accepted. 

Sanitary waste will not be accepted. 

Personnel protective equipment will be accepted. 

Physical .Requirements 

1.  Physical properties of monolithic bulk wastes (c.g. maximum size range, specific weight, moisture 
content) 

2. Physical properties of wastes classified as debris (e.g. maximum size range, specific weight, 
biodegradable) 

3. Conditions for filled and emptied containers (6 CCR 1007-3 Subpart N 264.315) 
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4. Prohibitions of containerized gases, free liquids, pyrophorics, and sanitary wastes 

5 .  CCR 1007-3 Subpart N 264.312, 313, and 314) 

6. Management of personal protective equipment (e.g. radiological screen of PPE after usage; 
followed by disposal) 

Chemical Requirements 

1 . Chemical Analyses, acceptable analytical methods, and detection ranges. 

2. Prohibited constituents and chemical characteristics including reactive or ignitable substances 
(e.g. pyrophoric uranium. See 6 CCR 1007-3, Subpart N, 264.312.) 

3. Chemical compatibilities (6 CCR 1007-3, Subpart N, 264.3 13). 

. .  

4. pH limitations 

5 .  Composition of waste 

7.6.2 Health and Safety - Radioactive Dose Criteria 

The WAC would address the radiological limitations and requirements for the waste to meet the 
CAMU goals and objectives. The RWSF was categorized as less than a Category 3 Facility and 
designated as a Radiological Nonnuclear Facility based on a hazard categorization analysis for 
preliminary threshold quantity of plutonium and other radioactive isotopes (Kaiser-Hill, 1996a). All 
projects at RFETS are designated under two areas, safety class or non-safety class. The safety class 
was further defined by categories such as Category 1 and 2, with Category .I being the higher risk. 
Under the non-safety class, Categories 3 and 4 exist. The RWSF was designated as less than a 
Category 3 Facility which, by definition, is a non-safety class in accordance with the Conduct of 
Engineering Manual (COEM) Volume 2, Classification of Systems, Components, and Parts; 2-D03- 
COEM-DES-223 Revision I .  This categorization analysis was based on sampling data from some of 
the more radioactive IHSSs, such as the Solar Ponds, the 903 Pad, and Lip Area, and the original 
Process Waste Lines. To be conservative, the highest activity concentration was used. This 
categorization was the lowest level of risk categorization. The facility would not receive transuranic 
(TRU) waste. Radiological requirements specified by the WAC would include the following: 

1 . Radiochemical analyses for characterization 

2. Threshold limits of radionuclides for the RWSF 

7.7 REMEDIATION WASTE STORAGE FACILITY OPERATIONS 

The RWSF would be operated and maintained under a number of administrative requirements, as 
previously mentioned in section 7.4 “Technical and Administrative Controls,” to ensure compliance 
with paragraph 80 of RFCA. Administrative controls would be administered for activities of waste 
operations in the following areas: 

r 
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1.  WAC documents and forms - These would be required to demonstrate compliance with the RWSF 
WAC and paragraph 80 of RFCA requirements previously mentioned in section 4.2 

2. Operating procedures - Procedures for handling and placement of waste, facility maintenance and 
documentation to ensure safe and efficient operation of RWSF 

3 .  Training Plans - A plan to administer required training for operating personnel in procedures, 
safety, and quality assurance 

4.  Health & Safety plans - The health and safety requirements for operating personnel to conduct 
operations in a safe manner 

5 .  Contingency/spill response plans would define, per Subpart 264.03, how the facility would 
respond to a release of waste or constituents from the RWSF 

6. Limiting operating conditions - Identification of abnormal events which would require operations 
to temporarily stop activities (e.g. excessive wind velocities, and other weather conditions) to 
ensure safety to the public, the workers, and the environment 

7 .  Administrative procedure and plans - Additional procedures and plans to ensure compliance with 
RFCA, DOE orders, and RFETS rules and policies 

8 .  Control of hgitive dust emissions - Facility Monitoring plan as cited in section 7.4 to reduce dust 
emissions and monitor results to protect the public and worker 

9. Closure Plan - This would include the requirements and performance standards for closure per 
Subpart 264.310 and 264.552 (e) to close the facility after the end of its operational life 

Additional requirements addressed in the WAC or Facility Operations Plan for compliance were areas 
addressing administrative controls. The following requirements would ensure the 
RWSF to be operated in a safe manner: 

0 Recordkeeping and documentation 

Waste information from process knowledge andor sampling and analysis data for waste 
characterization 

0 

0 

Quality assurance/quality control (QA/QC) certification program and verification; 

Status reports and waste forecasts 

0 Shipment notification 

e Packaging and labeling requirements 

7.8 CONCLUSION 

The RWSF is proposed as a contingency plan to the existing Ten Year Plan. This IM/IRA Decision 
Document is the tool to designate the proposed Solar Ponds area as a CAMU for storage of 
remediation waste as a contingency to the Ten Year Plan. The Decision Document identifies and 
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explains, in a detailed study and analysis, the best location onsite for the selected remedy-the 
Concrete-lined Cell. In  the event remediation waste could not be shipped offsite as originally 
anticipated under the Ten Year Plan, then the DOE could implement the CAMU as their 

,contingency in storage of remediation waste. 

November 6. 1996 7-20 



- - -  - - _ _  - - - - RF/ER-95-0105. UN, Rev. 0 
Drajl Corrective Action Management Unit 

Interim Measurdlnterim Remedial Action Decision Document 
for Rocky Flats Environmental Technology Site ' 8.0 SCHEDULE 

This Section provides a conceptual schedule for the CAMU process. It includes the designation 
process outlined in the RFCA, then presents the duration for design and construction of the RWSF if 
i t  is constructed. Except for the designation of CAMU, all other activities would be contingency 
actions to the TYP should the need arise for onsite bulk storage. 

This Gantt chart presents project task information as both text and graphics. Information about 
each task is listed in the Gantt table on the left side of  the figure. The Gantt bar chart displays task 
durations and start and finish dates on a time scale. The relative positions of the task bars show 
which tasks start and finish before each other and which task overlap other tasks. 

In paragraph 109 of RFCA, subparagraphs (b) and (c) durations for the CAMU designation process 
are given as such: 

b. Within 45 days of receipt of DOE's draft I-, CDPHE shall determine whether the IWLRA meets or 
fails to meet the criteria in subparagraph (a). If CDPHE determines that the draft fails to meet the criteria, 
the draft shall, at the end of a 45-day review, explain with specificity the necessary modifications and allow 
the DOE to resubmit within 30 days, or to invoke dispute resolution within 14 days. If the CDPHE 
determines that the application meets the criteria described in subparagraph (a), the CDPHE shall issue the 
draft IWIRA for public comment for a period of 60 days. 

c. Within 30 days of the close to the public comment period, the CDPHE shall review the comments received 
and modify the draft, if appropriate. The agency shall also prepare a response to significant public 
comments at this time. At the end of this 30-day period, if the CDPHE still agrees that the IWIRA, as 
modified, meets the regulatory criteria for designation and the criteria in paragraph 80, the CDPHE shall 
designate the storage CAMU. If the CDPHE has determined that the IWIRA does not meet these same 
criteria, the CDPHE shall state the changes that DOE must make to receive approval. 

Once the CAMU designation is complete, design and construction of the RWSF would be dependent 
on the need for a contingency to the Ten Year Plan. Construction of the facility, including design, is 
estimated to take a little more than two years. Placement of remediation waste in the facility would 
be dependent on the progress of D&D and remediation activities. The schedule for eventual 
shipment of the waste in the RWSF offsite has not been determined. The Ten Year Plan assumes 
that all low-level mixed waste would be disposed offsite by the year 2007. The RWSF would likely be 
utilized past 2007 since it is a contingency action to the Ten Year Plan in case the shipment goal of  
all remediation waste by 2007 cannot be met. The actual shipping schedule would be dependent on 
finding and the availability of offsite facilities. 

The schedule for implementation of this Decision Document is provided as a Gantt Chart in 
Figure 8-1. ' 
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FIGURE 8-1: PROPOSED REMEDIATION WASTE STORAGE FACILITY SCHEDULE I 
ID TaskNarne Duration 
1 Decision Document 271d 

I 

2 PREPARE DECISION DOCUMENT (DD) 76d 

3 CDPHE REVIEW DD 45d 

4 MODIFY DD BASED ON CDPHE COMMENTS 30d 

5 PUBLIC COMMENT PERIOD ON THE DD 60d 

6 MODIFY DD BASED ON PUBLIC COMMENT 30d 

7 PREPARE RESPONSIVENESS SUMMARY 30d 

a FINAL APPROVAL OF DD 30d 

9 Design 568d 

10 GEOTECHNICAL INVESTIGATION 78d 

11 PREPARE CONCEPTUAL DESIGN 300d 

12 PREPARE DETAILED DESIGN 2974 

13 Operational and Monitoring Plan Preparation 612d 
I ! 

14 PREPARE OPERATIONAL DOCUMENTATION 350d 
I I 

15 PREPARE MONITORING PIAN 350d 

16 I OPERATIONAL TESTING I 40d 
17 Construction 612d 

i a  PRECONSTRUCTION PLAN PREPERATION 297d 

19 PREPARE SITE FOR CONSTRUCTION 45d 
I I 

20 CONSTRUCTION OF PREFERED ALTERNATIVE 250d 
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0 Rocky Flats Cleanup Agreement Requirements 

The following Paragraphs 80,81, 82, 109, and 110 from the RFCA are specific to CAMU designation 
and use. 



:2 
:3 
u 81. 

i5 e 
- I  

guidelines will be contained in the IGD, in Appendix 3. While these guidelines are not binding 
on DOE, CDPHE and EPA will use them in reviewing the adequacy of documents submitted 
and work proposed by DOE. 

' July 19, 1996 37 

L 

To expedite remedial work and maximize early risk reduction at the Site, the Parties intend to 
make extensive use of accelerated actions to remove, stabilize, and/or contain Individual 
Hazardous Substance Sites (IHSSs). Focussing on MSSs rather than OUs will allow most 
remedial work to be reviewed and conducted through one of the accelerated review and approval 
processes described in Part 9, rather than the RVFS process. The Parties have agreed upon a 
risk ranking of the IHSSs, which is contained in Attachment 4. The ranking of MSSs will be 
reviewed annually, and may be revised as appropriate. The Parties will consider the risk 
ranking and other factors to prioritize work for the baseline, in accordance with Part 11 (Budget 
and Work Planning). 

The Parties recognize that the facility described in this paragraph providing for retrievable, 
monitored storage of remediation wastes may be converted at a future date to a disposal facility. 
The Parties also recognize that some Iemedial actions (e.g., in-place closures) may incorporate 
disposal as an initial proposal. The Parties anticipate that consistent with the Preamble 
Objectives, retrievable, monitored storage of remediation wastes (except for TRU or TRU mixed 
wastes), with an option for conversion to cisposal in-place in accordance with future decision- 
making, may be accomplished through use of a Comtive  Action Management Unit (CAMU). 
The Parties agree that the design criteria for the facility described in this paragraph shall be the 
Same whether the facility is for the retrievable, monitored storage of remediation wastes or for 
the disposal of remediation wastes. Specifically, the facility described in this paragraph must 
ensure retrievability of wastes and protection of human health and the environment through a 
combination of requirements that include, but are not Limited to: detection and 
monitoxing/inspection requirements; opexating and design requirements , including cap/liner 
system that meets the requixements as set forth in 6 CCR 0 1007-3, Part 264, Subpart N; a 
ground water monitoring system; and requirements for responding to releases of wastes or 
constituents from the units. In addition, where necessary for protection of human health and 
environment, waste treatment will be required. I€ DOE proposes a CAMU, it is the expectation 
of the Parties that if the application meets the appropriate substantive criteria, CDPHE will issue 
a C A M U  designation for storage or disposal in a timely fashion, consistent with its general 
commitment to expxhte regulatory approval of those activities required to achieve the Preamble 
Objectives. If DOE proposes a storage CAMU, it may request that CDPHE make findings of 
fact as to whether the proposed facility also meets the requirements for a disposal C A M U  that 
are in effect at the time of the request. CDPHE agrees to make such fmdings upon request. 
The Parties also agree that a CAMU for remediation wastes and another RCWCKWA Subtitle 
C unit for storage or drsposal of process wastes (except TRU and TRU mixed wastes) not 
regulated under this Agreement may be co-located. The review, approval and oversight of any 
unit for process wastes is also not regulated under this Agreement, but by CDPKE under the 
existing CHWA permit, as set forth in Appendix 8. 

For purposes of this Agreement, wastes generated by activities replated under this Agreement 
are remediation wastes. All such wastes, except for TRU and TRU mixed wastes, are suitable 
for storage or disposal in an approved on-site CAMU, in accordance with the terms of any such 
approval. 
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Any proposal for a centralized facility at RFETS for the retrievable, monitored storage or 
disposal of remedntion wastes shall be subject to approval only by CDPHE as the m, 
regardless of its location. Notwithstanding any other provision of this Agreement regarding the 
role of the SRA, EPA may participate fully in the review and consultative processes related to 
such a facility. In addition, EPA shall have the right to invoke the d q u t e  resolution provisions 
of Part 15E regarding any CDPHE decision related to such a facility, within 15 days of the 
issuance of any such decision. 

Following implementation of all planned accelerated actions, CDPHE and EPA shall evaluate 
the Site conditions and render final remediaYconective action decisions for each OU. 
Notwithstanding the emphasis on accelexated actions and MSS-based approach, the Parties 
recognize that the final remedial/corrective action decisions may require some additional work 
as specified in the CAD/ROD to ensure an adequate remedy. 

Following implementation of a l l  planned accelerated actions, for the industrial Area OU, 
CDPHE will make a final corrective action decision for hazardous constituents pursuant to its 
CHWA regulatory authority, and DOE, consistent with its authority under CERCLA 6 120, shall 
make a proposed remedial decision under CERCLA. CDPHE shall make a recommendation to 
EPA whether to concur with DOE’s proposed remedial decision for radionuclides and other 
hazardous substances that are not hazardous constituents. EPA, consistent with CERCLA 0 120, 
shall review DOE’s proposed remedial decision and CDPHE’s recommendation thereon, and 
shall then concur or non-concur with DOE’s proposed remedy. EPA’s decision regarding 
radionuclides and other hazardous substances that axe not hazardous constituents shall incorporate 
CDPHE’s recommendation, so long as EPA determines that the recommendation is consistent 
with CERCLA. EPA and DOE, consistent with CERCLA 4 120, shall also review CDPHE’s 
corrective action decision and shall issue a concurrence remedial action decision under 
CERCLA, so long as CDPHE’s selected mrrective action decision is consistent with CERCLA. 

Following implementation of a l l  planned accelerated actions, for those OUs in the Buffer Zone 
or offsite, EPA and DOE, consistent with CERCLA 0 120, will make a final remedial decision 
pursuant to CERCLA. CDPHE shall  review the final remedial decision and shall issue a 
concurrence corrective action decision under CHWA, so long as the final remedial action is 
consistent with CHWA and applicable State law. 
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PART 9 REVIEW AND APPROVAL OF DOCUMENTS AND WORK 

Subpart A. General 

86. The provisions of this Part establish the procedures that shall be used by the Parties to provide 
each other with appropriate notice, review, comment, and responses to comments regarding 
submitted documents. As of the effective date of this Agreement, all documents identified herein 
shall be prepared, distributed, reviewed, approved or disapproved, and subject to dispute 
resolution in accordance with this Part. The Parties shall implement the provisions of this Part 
in consultation with each other. Schedules for submittal of documents are contained in the 
baseline in Appendix 4. Procedures in this part for the review and approval of CAD/RODs 
shall not alter, but shall supplement the procedures set forth in paragraphs 83 and 84. 
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scoping process described in paragmph 89, unless the IlRA extends this period based on good 
cause communicated to DOE in a timely fashion. If the LRA disapproves the revised IM/IRA, 
it shall state the changes that DOE would have to make to receive approval. DOE shall then 
have 21 days to incorporate the W ’ s  changes or invoke dispute resolution. If the LlRA does 
not approve or disapprove the revised IM/IRA within the time allotted (including any extension 
of time), any milestone associated with the IM/IRA shall be suspended and will be reestablished 
as agreed by the Parties. If the Parties cannot agree, EPA and CDPHE shall unilaterally re- 
establish the milestone. A unilaterally re-established milestone shall be extended by a period no 
less than the excess time taken by the LEU to render the IMERA decision. 

If there is an activity that DOE expects to undertake in the Industrial Area which is an activity 
listed as requiring a Class 3 permit modification pursuant to CHWA regulations, and for which 
no permit by rule would be available, DOE shall-prior to submitting the draft IM/IRA to 
CDPHE, but after the scoping .penod--make the draft lM/IR4 available for a 60 day public 
comment period. DOE shall transmit all comments to CDPHE for its subsequent review. 
CDPHE shall use its best efforts to issue its draft decision, including applicable requirements, 
and other infomation as required by current regulation within 30 days of receipt of the draft 
IM/IRA and public comments. This draft decision shall itself be made available for public 
comment for 60 days, with an opportunity for public hearing. Within 30 days of the close of 
the public comment period, CDPHE shall revise its proposed decision accordingly and respond 
to sigdicant public comment. If CDPHE denies DOE the authority to proceed with the activity 
or imposes conditions thereon with which DOE disagrees, DOE may invoke dispute resolution. 

Since the beginning of FY 1996, DOE bas engaged members of the public in an on-going 
conversation, including a dozen meetings and work sessions, regarding whether and how to 
construct a storage or disposal facility for remediation wastes at RFETS. As a result of this 
interaction, DOE’s ideas about the design and purposes of such a facility have evolved. DOE 
anticipates that it will be applying during 1996 for designation of a storage CAMU. The Parties 
commit to a meeting with the public to discuss the CAMU application prior to its submission. 

a. When DOE determines that it is prepared to seek designation of a CAMU for storage of 
remediation wastes, DOE shall submit a draft IM/IRA to EPA and CDPHE which satisfies 
applicable regulatory criteria for designation and the criteria described in paragraph 80, 
and presents an analysis of altematives showing that DOE has considered the following: 

(1) worker safety, 
(2) 
(3) transportation, 
(4) 
(5) institutional controls, 
(6) cost, and 
(7) community acceptance. 

protection of public health and the environment, 

facility design, containment and monitoring, 

The Parties recognize the special expertise of CDPNE with respect to the design of 
hazardous waste storage and disposal facilities. Therefore, with respect to DOE’s 
obligation to incorporate NEPA values into any decision document associated with the 
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C. 

d. 

designation of a CAMU at RFETS, CDPHE will be designated by DOE as a cooperating 
agency to assist DOE in the analysis of reasonable alternatives, including the "No Action" 
alternative. As a cooperating agency, CDPHE's participation will be sought by DOE early 
in the alternatives analysis process to ensure CDPHE's special expertise is available to 
DOE as it incorporates relevant NEPA values into any decision document associated with 
the designation of a CAMU. 

Within 45 days of receipt of DOE'S draft IM/IRA, CDPHE sha l l  determine that the 
IM/IRA meets or fails to meet the criteria in subparagnph (a). If CDPHE determines that 
the draft fails to meet the criteria, it shall, at the end of its 45 day review, explain with 
specificity the necessary modifications and allow DOE to resubmit within 30 days or to 
invoke dispute resolution within 14 days.Lf CDPHE determines that the application meets 
the criteria described in subparagraph (a),  it shall issue the draft IM/IRA for public 
comment for a period of 60 days. 

Within 30 days of the close of the public comment period, CDPHE shall review the 
comments received and m w  the draft if appropriate. The agency shall also prepare a 
response to significant public comments during this time. At the end of this 30 day 
period, if CDPHE still agrees that the IM/IRA as modified meets the regulatory criteria 
for designation and the criteria in paragraph 80, CDPHE shall designate the storage 
CAMU. If CDPHE has determined that the IM/IRA does not meet these Same criteria, 
it shall state the changes that DOE must make to receive approval. 

Time is of the essence regarding a final decision on a storage CAMU for remediation 
wastes. CDPHE recogIljzes this, and has therefore committed to the review times set forth 
in this paragraph. CDPHE's failure to meet these time frames does not result in approval 
of the proposed document. 

Lf DOE determines, after a process of public consultation that shall occur in accord with the 
Community Relations Plan, and after consideration of 

a. 
b. worker safety; 
c. transportation; 
d. 
e.. institutional controls; 
f. cost; and 
g. communityacceptance 

protection of public health and the environment; 

facility design, containment and monitoring; 

that it intends to proceed with either (i) building a new on-site duposal facility for remediation 
waste, or (i) converting or upgrading an existing unit at Rocky Flats into a disposal facility for 
remediation wastes, DOE shall apply to CDPHE in accord with then-applicable law. The 
application shall describe the types of wastes that would be cfisposed, the location of the facility 
and its design, along with other information as specified in the IGD; include an analysis of 
alternatives; and demonstrate that the facility would meet then-applicable legal requirements. 
This application shall be processed either as an accelerated action pursuant to the process 
established in RFCA paragraphs 89, 107 and 108, or as part of the CAD/ROD, whichever is 
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appropriate at the the,  as well as in a manner that is consistent with then-applicable 
requirements. 

DOE shall submit appropriate Air Pollution Emission Notices as part of the draft decision 
document for all work, regardless of whether it is to be performed in the Industrial Area or the 
Buffer Zone. This information shall  be available for inspection at RFETS. 

In  responding to draft decision documents that are not Site-Wide documents, the LRA shall 
obtain comments from and, where appropriate, consult with the S U .  Following such 
consultation with the SRA (ifany) the LRA shall submit a single set of consistent, consolidated 
comments to DOE on or before the close of the comment period. The LRA a-s to use its 
best efforts to provide a comprehensive set of comments on draft documents to DOE so as to 
avoid, to the extent possible, raising issues of first impression at a later stage. Comments shall 
be provided with adequate specificity so that DOE may respond to the comments and, if 
appropriate, make changes to draft documents. Lf the LRA takes more time than allotted 
pursuant to paragraph 89 to respond to a draft decision document, such a delay may constitute 
good cause for regulatory milestone modifications. 

For Site-Wide documents, EPA and CDPHE shall attempt to reach concurrence and provide 
DOE with a single set of consistent, consolidated comments to DOE on or before the close of 
the comment period. EPA and CDPHE agree to use their best efforts to provide a 
comprehensive set of comments on draft documents to DOE so as to avoid, to the extent 
possible, raising issues of first impression at a later stage. Comments shall be provided with 
adequate specificity so that DOE may respond to the comments and, if appropriate, make 
changes to draft documents. If the regulators take more time than allotted pursuant to paragraph 
89 to respond to a draft decision document, such delay may constitute good cause for regulatory 
milestone modifications. 

Following the close of the review and comment period for a draft decision document (including 
any public comment), DOE shall prepare a proposed final decision document. In so doing, it 
shall give full consideration to all written comments submitted by the.= (or, in the case of 
Site-Wide documents, EPA and CDPHE). DOE shall seek cWication of the intent and purpose 
of any comment from the LF2A (or, in the case of Site-Wide documents, EPA and CDPHE) that 
DOE finds is unclear before preparing the proposed f d  decision document. 

The LRA (or, in the case of Site-Wide documents, EPA and CDPHE) shall review the proposed 
final decision document and shall approve or disapprove it. Lf the proposed find decision 
document is approved, that document shall become final. If the LRA disapproves a document, 
it must explain the necessary modifications or reasons for disapproval and delineate the actions 
that must be taken for approval. If the proposed final decision document is disapproved, DOE 
shall revise and re-submit those portions of the document that require revision in compliance 
with the notice of disapproval, unless DOE invokes dispute resolution pursuant to Subpart 15B 
or 15E, as appropriate, within the period allowed for re-submittal. When dispute resolution is 
invoked on a proposed final document, work may be stopped in accordance with the procedures . 
set forth in Part 14. . 
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6 Colorado Code of Regulations 1007-3, $264.552, 
Subpart S - Corrective Action 0 
The following text from the CCR, also known as ''the C A W  Rule", defines the conditions for 
designating a CAMU. 
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Subpart S-Corrective Acrion 

Subpart S-Corrective Action 

'3 3264552 Corrective Action Management Units ( W U ) .  

(3) 

I 

For the purpose of implementing remedies under 5 7&.lOl, 5 2655 or 
section 25-15-308, C.R.S., the Department may designate an area at the 
facility as a conedive action management unit, as defined in 5 260.10, in 
accordance with the requirements of this section. One or more CAMUs 
may be designated at a facility. 
For the purposes of the application of the land disposal restrictions found in 
Part 268, placement of remediation wastes into or within a CAMU does not 
constitute land disposal of hazardous wastes. 
For the purposes of the application of the minimum technology requirements 
of 40 CFR P 2685(h)(2), or of the minimum technology requirements of 
Subparts K, L, M, or N, or the groundwater protection requirements of 
Subpart F or the closure and post-closure requirements of Subpart G of Part 
264 or 265 of these regulations. consolidaticn or placement of remediation 
wastes into or within a CAMU does not constitute creation of a regulated 
unit. 
Where the remediation wastes placed into a CAMU are hazardous waste, 
the CAMU shall comply with Subparts 8, C, D and E of Part 263 or Xi5 of 
these regulations and, when such remediation wastes will remain in place 
after dosure of the ChMU, the W f U  shall comply with the regulations for 
the siting of hazardous waste disposal sites, 6 CCR 1007-2, Part 2. 
The Department may designate a regulated unit (as defined in § 
264.90(a)(2)) as a CAMU, or may incorporate a regulated unit into a 
CNVU, if: 
The regulated unit is dosed or closing, meaning it has  begun the closure 
process under 9 264.113 or 9 265.1U; and 
Inclusion of the regulated unit will enhance irnpiernentation of effective, 
protective and reliable remedial actions for the facility. 
The subpart F and G requirements and the unit-specific requirements of 
part 263 or 265 and the financial assurance requirements of Part 266 that 
applied to that regulated unit will continue to apply to that portion of the 
CAMU after incorporation into the CAMU. 
The Department shaIl designate a CAiMU in accordance with the following: 
The CAivlU shall facilitate the implementation of reliable, effective, 
protective, and cost-effective remedies; 
Waste management activities associated with the CAMU shall not create 
unacceptable risks to humans or to the environment resulting from exposure 
to hazardous wastes or hazardous constituents; 

295.2 



The CAMU shall. include uncontaminated areas of the facility, only if 
including such areas for the purpose of rnanaejng remediation waste is more 
protective than management of such wastes at contaminated areas of the 
facility; 
Areas within the CAMU, where remediation wastes remain in place after 
closure of the CAMU, shall be managed and contained so as to control, 
minimize, or eliminate future releases to the extent necessary to protect 
human health and the environment; 
The CAMU shaU expedite the timing of remedial activity implementation, . 
unlw to do so would be inconsistent viiiith § 264552(c)(l) or (c)(2). 
The CAMU shall enable the ust, when appropriate, of treatment 
technologies (including innovative technologies) to enhance the long-term 
effectiveness of remedial actions by reducing the toxicity, mobility, or volume 
of remediation wastes that will remain in place after closure of the CAMU; 
and 
The CAMU shall minimize the land &ea of the faciiity upon which 
remediation wastes Will remain in placc after closure of the CAMU, unless 
t o  do  so would be inconsistent with § 264552(c)(l) or (c)(2). 
The ownerloperator shall provide sufficient information to enable the 
Department to designate a CAMU in accordance with the criteria in  0 
264552. 
The Department shall speafy, in the permit or order, requirements for 
CAMUS to include the following: 
The areal configuration of the CAMU. 
Requirements for remediation waste management to include the 
specification of applicable design, operation and closure requirements. 
Requirements for ground water monitoring that ,are sufficient to: 
Continue to detect and to characterize the nature, extent, concentration. 
direction, and movement of existing releases of hazardous constituents in 
ground water from sources located within the CAIMU; and 
Detect and subsequently characterize releases of hazardous constituents to 
ground water that may O C t u i  from arcas of the CAMU in which rexediation 
wastes will remain in place after closure of the C.~IMU. 
Closure and post-closure requirements. 
Closure of corrective action management units shall: 
Minimize the need for further maintenance; and 
Control. minimize, or eliminate, to the extent necessary [O protect human 
health and the environment, for areas where remediation wastes remain in- 
place, post-closure escape of hazardous waste, hazardous constituens, 
leachate, contaminated runoff, or hazardous waste decomposition products 
to the ground, to ground water, to surface waters, or to the atmosphere. 
Requirements for closure of any CAMU shall include the following, as 
appropriate and as deemed necessary by the Department to protect human 
health and the environment: 
Requirements for excavation, removal, treatment or containment of - 
remediation wastes; 
For areas in which remediation wastes will remain after closure of the 
-MU, r,equiremenrs for lining and/or capping of such areas; and 

, 



(7) 

Any temporary unit to which alternative requirements are applied in 
accordance with paragraph (a) of this section shall be: 
Located within the faciliry boundary; and 
Used only for treatment or storage of remediation wastes. 
In establishing standards to be applied to a temporary unit, the Department 
shall consider the following factors: 
Length of time such unit wiU be in operation; 
Type of unit; 
Volumes of remediation wastes to be managed; 
Physical and chemical characteristics of the remediation wastes to  be 
managed in the unic; 
Potential for releases from the unit; 
Hydrogeological and other relevant environmental conditions at the facility 
which may influence the migration of any potential releases; and 
Potential for exposure of humans and environmental receptors if releases 
were to occur from the unit. 
The Department shall speufy in the permit or order the length of time a 
temporary unit will be allowed to operate, to be no longer than a period of 
one year. The Department shall also speclfy the design, operating, and 
dosure requirunencs for the unit. 
The Department may extend the operational period of a temporary unit 
once for no longer than a period of one year beyond that originally specified 
in the permit or order, if the Department determines that: 
Continued operation of the unit will not pose a threat to human health and 
the environment; and 
Continued operation of the unit is necessary to ensure timely and efficient 
implementation of remedial actions at the facility. 
Incorporation of a temporary unit or a time extension for a temporary unit 
into an existing permit shall be: 
Approved in accordance with the procedures for Department-initiated permit 
modifications under J 100.61; or 
Requested by the owner/operator as a C!zs II modifiution according to the 
procedures under § 100.63 of these regulations. 
Incorporation of a temporary unit or a time extension for a temporary unit 
into a new permit shall be approved by the Department according to the 
permit review and issuance procedures of J 100.5 of these regulations. 
Incorporation of a temporary unit or a time extension for a temporary unit 
into an order issued pursuant to § 265.5 must be in accordance with the 
permits by rule provisions of § 100.21(e) of these regulations. 
The Department shall document the rationale for designating a temporary 
unit and for granting time extensions for temporary units and shall make 
such documentation available to the public. 

Subparts T through V (Reserved] 
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Foreword: 

This document was developed in March 1996 to compare various onsite and offsite disposal 
options. The focus of the low level, low level mixed, and hazardous remediation waste program 
at that time was to determine which option was most favorable and to recommend that option for 
implementation. The final recommendation reached was to use an onsite waste disposal facility 
with appropriate monitoring and retrievable features. The negotiation process in achieving the 
Rocky Flats Cleanup Agreement (RFCA) and the responses and comments from various 
Stakeholders has caused a reevaluation of the original recommendation for onsite disposal. 

In keeping with RFCA and the Draft DOE Ten Year Plan, there is a renewed focus on maximizing 
the amount of remediation waste which will be treated and disposed of offsite. With the 
possibility of lower volumes of remediation waste requiring treatment and disposal, because of 
less restrictive cleanup levels, the cost competitiveness of offsite treatment and disposal shows 
more promise. Thus, the conclusions from this document for onsite disposal are not as clearly 
distinct as the volume of remediation waste decreases. The use of the storage facilities described 
in the main document accompanying this appendix is evidence of the shift to more flexible 
options. 

The data presented in this appendix remain valid in demonstrating that a thorough cost analysis 
was conducted to evaluate offsite disposal and that significant up front cost savings can be 
achieved through the use of onsite storage. The use of storage facilities will help the RFETS 
achieve safe and effective cleanup consistent with RFCA and the draft Ten Year Plan. 
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ABBREVIATIONS, ACRONYMS, AND INITIALISMS 

ASAP 
CAMU 
CCR 
CDPHE 
CERCLA 
CY 
CY 

DOE 
DOT 
EPA 
ER 
FY 
HW 
IA 
IDM 
IHSS 
I M R A  

Accelerated Site Action Project 
Corrective Action Management Unit 
Code of Colorado Regulations 
Colorado Department of Public Health and Environment 
Comprehensive Environmental Response, Compensation, and Liability Act 
calendar year 
cubic yard 
Department of Energy 
Department of Transportation 
Environinental Protection Agency 
Environmental Restoration 
fiscal year 
hazardous waste 
Industrial Area 
Investigation-Derived Material 
Individual Hazardous Substance Site 
Interim MeasureAnterim Remedial Action 

LDR Land Disposal Restrictions 
LLMW low-level mixed waste 
LLW 
nCi/g 
NTS 
ORNL 
OSHA 
ou 
PCB 
PPRG 
RCRA 
RFCA 
RSR 
Site 
Site Vision 
TSCA 
voc 
WAC 
WMF 
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low-level waste 
nanocuries per grain 
Nevada Test Site 
Oak Ridge National Laboratory 
Occupational Safety and Health Act 
Operable Unit 
polychlorinated biphenyls 
prograininatic preliminary remediation goal 
Resource Conservation and Recovery Act 
Rocky Flats Cleanup Agreement 
Radioactive Waste Shipment and Disposal Record 
Rocky Flats Environmental Technology Site 
Rocky Flats Conceptual Vision 
Toxic Substance Control Act 
volatile organic coinpounds 
waste acceptance criteria 
waste management facility 
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EXECUTIVE SUMMARY 

The purpose of this evaluation is to select the best waste inanageinent option for reinediation waste at 
the Rocky Flats Environmental Technology Site (Site). It is part of the decision-making process for 
an Interim Measurefinteriin Remedial Action (IIWIRA) to address remediation waste, and the intent is 
to reflect the current waste and environmental strategies and to be consistent with input from 
stakeholders. Onsite waste management was selected as the best of three options: onsite disposal, 
offsite disposal, and no action. The selection of onsite waste management was based on the following: 

Projected costs for onsite waste inanageinent were lower than for offsite disposal. 

Accomplishment of more risk reduction activities in support of the Rocky Flats Conceptual Vision 
(Site Vision). These activities could be accomplished in less time, and at a lower cost. 

Less public exposure during transportation, along with less involuntary risk. 

Less risk of spills in handling and transportation. 

Greater capacity for onsite waste management coinpared to offsite disposal. An onsite facility 
would be inore accessible and inore available when needed. 

Fewer schedule restrictions for an onsite facility. 

Fewer analytical requirements for an onsite facility because t a m e  is less redundancy in sampling 
requirements. 

Ultimately, the most iinportant difference between the onsite and offsite options is total cost and the 
effect of cost for reducing risk at the Site. In essence, the inore it costs to dispose of a cubic yard (cy) 
of contaminated inaterial, the fewer cubic yards of inaterial the Environmental Restoration (ER) 
program will be able to clean up in a given timeframe. This prolongs the cleanup efforts at the Site 
and allows contaminated materials to remain uncontrolled in the environment for much longer periods 
of time. In,turn, this increases the overall risk at the Site to human health including the offsite 
population, the onsite workers, and the environment. 

In the past, environinental restoration activities at government facilities have been regarded as having 
unlimited budgets. Funding was expected to increase with each fiscal year and all restorations were 
expected to be funded. Hard choices are now necessary because federal spending refonn has iinposed 
limits on funding for environmental restoration. As part of this evaluation, it was necessary to select 
the waste management option that could best reduce the overall risk to human health and the 
environinent while remaining fiscally responsible. Budget restraints now directly affect the degree of 
risk reduction possible. Because the onsite option can inore effectively reduce the overall risk to both 
the public and the environinent at a lower cost, i t  is clearly the best selection. With a given budget to 
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perfonn work onsite, more cleanup actions can be perfoiined more effectively, and therefore, the Site 
can be made safer with onsite waste management. 
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B. 1 I NTRO D UCTlON 

As part of risk reduction activities at the Rocky Flats Environmental Technology Site (Site), a 
projected 100,000 cubic yards (cy) of reinediation waste will be excavated and appropriately managed 
over the next several years. This remediation waste froin high risk Individual Hazardous Substance 
Sites (IHSSs), hot spots, and the Solar Evaporation Ponds priinarily consists of either excavated inedia 
with hazardous constituents or with mixed hazardousAow-level radioactive constituents. The 
reduction of environinental risk is directly dependent on the ability to disposition reinediation waste. 
This document addresses the overall approach to the disposition of reinediation waste, and evaluates 
whether this reinediation waste should be managed onsite or offsite. 

t 

The following three objectives were developed to reflect risk reduction goals as well as safety: 

1. Ensure the safety of the public, onsite workers, and the environment through safe 
management of remediation waste in a timely manner 

2. Develop a viable means of consolidating and managing of remediation waste to support the 
Rocky Flats Conceptual Vision (Site Vision), Accelerated Site Action Project (ASAP), and 
risk reduction goals in the near term while addressing liability and safety issues in the long 
term. 

3. Provide a cost-effective solution that can support aggressive environmental remediation and 
be implemented under existing budgetary constraints. 

The general approach of this evaluation is as follows: 

1 .  

2. 

3 .  

4.  

Define the objectives needed to support risk reduction at the Site. 

Develop three waste management options: no action alternative, onsite waste management,land 
offsite disposal. The no action alternative was evaluated as an option to not implementing or not 
resolving the other two options. 

Evaluate the options in  terms of cost, schedule, risks, capacity, and availability. Emphasis was 
placed on the ability of each option to support overall risk reduction and the Site Vision. 

Recoininend an option based on the above criteria. 
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This document is organized as follows: 

Section B.2 - 

Section B.3 - 

Section B.4 - 

Section B.5 - 

Section B.6 - 

Section B.7 - 

Section B.8 - 

Section B.9 - 

Strategic Ties to the Accelerated Site Action Project and the Site Vision describes the 
importance of resolving remediation waste disposal to achieve the goals of the Site 
Vision- 

Planned Remedial Activities summarizes the reinediation activities scheduled for 
fiscal year (FY) 96 through FY98 that will require disposal of remediation waste. 

Description of Options describes the different options evaluated for remediation waste 
management. 

Cost Analysis evaluates each of the options based on estimated cost. 

Schedule Analysis compares the time required for disposal of remediation wastes for 
each option. 

Risk Analysis evaluates the risks associated with each option. 

Capacity and Availability evaluates the storage capacity and ability for each option to 
accept the remediation waste as generated. 

Recommendations presents the recommended option and supporting rationale. 

The evaluation focuses on risk reduction activities scheduled for the near term in the Environmental 
Restoration (ER) budget baseline. These activities target areas with the greatest risk based on 
cui-rently available data from documented environmental releases. Contamination levels, containinant- 
specific risks to human health and the environment, and potential exposure pathways were considered 
i n  selecting these areas. The goal of these early actions is to reinediate most of these areas in the near 
term. To achieve this goal, a cost-effective waste management facility (WMF) needs to be operable as 
soon as possible. This facility inust demonstrate protectiveness for human health and the environment 
within a limited budget. In addition, any WMF must have the capacity to accept large quantities of 
remediation waste in a short timeframe to support the more streamlined and aggressive cleanup 
program required for the Site Vision. 
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B.2 STRATEGIC TIES TO THE ACCELERATED SITE ACTION PROJECT 
AND THE SITE VISION . 

Under the Site Vision, the United States Department of Energy (DOE) will remediate the Site in a 
manner consistent with future projected land and water uses. The future land use of the buffer zone, 
as recommended by the future Site Use Working Group and the Site Vision, is for open space; 
whereas the Industrial Area (IA) is projected to be used for industrial use. Low-level radioactive and 
hazardous waste will be left onsite in a stable configuration. The goal of the Site Vision is to reach an 
operational state in which all of the plutonium at the Site will be consolidated and stabilized, and most 
of the risk reduction activities completed. Under the Site Vision, high risk and no further action 
Individual Hazardous.Substance Sites (IHSSs), including the former Operable Unit (OU) 5 (IHSS 115 
of the Industrial Area OU [formerly OU 51) and OU 7 landfills outside of the IA, will undergo closure. 
Many of the containinants are not amenable to treatment and will require excavation and placement in 
a facility. , 

To iinpleinent the Site Vision, an overall approach to reinediation waste management is needed. 
Continued use of temporary storage at the Site is not feasible because of the shortage of permitted 
space and the logistics of storing and monitoring the anticipated large volumes of remediation waste. 
The volume of remediation waste and the logistics of handling it, require that a WMF (onsite or 
offsite) be available to accept the remediation waste as it is excavated. A decision on the approach to 
remediation waste management must be determined early and implemented prior to excavation to 
support environinental risk reduction, and the Site Vision. Without a waste inanageinent pathway, not 
only will specific near-tenn risk reduction actions not be possible, but long-term activities will also be 
impacted. 

Plans for the disposition of the remediation waste must fit into the Site Vision. In particular, a waste 
inanageinent approach must be incorporated into a Site closure strategy. Likewise, all waste 
inanageinent options must integrate with the overall Site closure strategy and the Site Vision 
statement. Each option must be evaluated according to its ability to meet the schedule requirements 
for Site closure, to support individual closure activities, to maximize land use flexibility, to meet 
cleanup standards relative to the projected land use, and to mesh with building closures and the 
planned capping of the IA. 
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6.3 PLANNED REMEDIAL 'ACTIVITIES 

A ineans for dispositioning reinediation waste must be available to support planned activities on high 
risk areas in the near tenn. These activities include the following: 

0 The Solar Evaporation Ponds reinediation waste, which will include inaterials from the solar pond 
liners, basecourse, sludge, miscellaneous debris, and some vadose zone soils (now on hold) will 
require disposition 

The excavation of East Trenches (Le., trenches T-I, T-3, and T-4), the 903 Pad and Lip Areas, and 
the Mound Area. The typical excavated media from these locations will be soils, sanitary sludges, 
and decoinposed druins 

The excavation of soil and debris from the cleanup of Industrial Area OU tanks T-2, T-3, T-9, T- 
10, T- 14, T- 16, and T-40 from IHSS I2 1 and tanks from IHSS 129 

The excavation of remediation waste and IHSS 1 19.1 in OU 1 

The excavation of remediation waste from hot spots 

The disposition of the remaining precasting voluine of Investigation-Derived Materials (IDM) 
from drilling activities 

The decontamination and decoininissioning of Site facilities 

Reinediation wastes include, but are not liinited to, the following: 

0 Contaminated soils and debris collected froin accelerated actions and hot-spot reinoval 

0 Pond sludge ciiirentl y stored in Resource Conservation and Recovery Act (RCR4)-certified tanks 

e Sediments 

Toxic Substance Control Act (TSCA) waste, such as asbestos and polychlorinated biphenyls 
(PCBs) 

1 .  Treatment by-products from groundwater, surface water, and/or soil remediation actions 

IDM from characterization activities, such as wells and borings, are also defined as remediation 
waste 
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Debris from decontamination and decommissioning activities 

Only remediation wastes are considered in this evaluation; process waste is not included. For the 
purposes of this document, saltcrete and pondcrete generated from the Solar Ponds are considered as 
process waste. The contaminants of concern in these media can be summarized as: radionuclides 
(e.g., plutonium and americium), heavy metals (such as cadmium and chromium), volatile and 
semivolatile organic compounds, asbestos, and PCBs. 

Waste volume estimates and the dates when these wastes would be generated from planned risk 
reduction activities over the next three years are presented in Table B-1. These waste volume 
estimates include only near-term accelerated actions. Additional remediation waste, including 
remediation waste froin decommissioning activities could also be disposed of in the near term. A 
basis of 100,000 cubic yards (cy) was used for comparing the options to ensure that planned early 
actions were covered as well as near-term decommissioning activities. It is assumed that soils 
contaminated with volatile organic compounds (VOCs) would be treated by thermal desorption, after 
which the residuals would be disposed of at the original excavation location if they comply with the 
programmatic preliminary remediation goals (PPRGs). The assumptions for this estimate are 
presented in Attachment 1. 

May 1996 B-6 



. 
Trench T-1 

Trench T-3 

RFER-95-OIO5. mV, Rev. 0 
Drafr Interim Measurennterih RemediaI Action Decision Document for the 

Waste Management Facility at the Rocky Flats Environmental Technology Site 

Soil, Drums, 
Pyrophoric 

Soil Drums, 
Sadtary Sludge LLMW (radsNOC) 2,700 300 

Uranium LLMW (radsNOC) 3,000 1,000 

Trench T-4 
Trenches T-5 
through T-11 
Mound Area 
903 Pad and Lip 
Area 

Soil, Drums, 
Sanitary Sludge LLMW (radsNOC) 2,500 300 
Soil, Sanitary 

Soil and Drums LLMW (radsNOC) 5,000 1,500 
Soil and Asphaltic 
Material LLMW (radsNOC) 13,200 13.200 

Sludge, Planking LLMW 6,000 1,000 

Tanks 9 and 10 
includes OU 8 
HSS 118.1) 

Tanks 2 and 3 
IHSS 119.1 

1 

I Tanks 14 and 16 1 Soil. tanks, piping 1 LLMW (radsNOCI 1 4.450 I 3.340 1 

Soil, tanks, piping LLMW (radsNOC) 2,000 500 
Soil, tanks, piping LLMW (radsNOC) 500 500 
Soil LLMW (radsNOC-) 1,500 50 

IHSS 129 
Tank 40 
Miscellaneous Hot- 
SDot Removals I LLMW I 50 I 50 I 

Soil HW (VOC) 2,200 0 
'Soil, tanks, piping LLMW 1,300 130 

Soil 

Subtotal for Potential Early Actions 
Investiaation- 

44,400 21,870 

I Subtotal I 95.900 I 76.350 I 

Derived Material 
(IDM) 

I Expansion Factor; 15% I 14,385 I 11,453 I 

Drill CuttingslSoil LLMW, HW, LLW 1,200 180 

~~ 

Grand Total 

May 1996 

~~ 

1 10,285 87,803 
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6.4 DESCRIPTION OF OPTIONS 

The options for onsite waste inanagement and offsite disposal of.remediation waste were evaluated for 
all waste management activities including transportation to the disposal/storage facility, operations at 
the facility, and closure. The onsite waste management option, requires the design and construction of 
a new WMF, because an onsite facility that can accept this type or volume of material does not exist. 

6.4.1 ONSITE WASTE MANAGEMENT OPTION 

In the onsite waste management option, remediation waste would be inanaged in an onsite WMF 
designed to handle remediation waste. Appendix C, Onsite Waste Management Facility Siting Study, 
evaluates seven onsite locations, that would be potentially suitable for a WMF. For this onsite option, 
it was assumed that the remediation waste must be placed as bulk into a cell; however, the cell would 
be segregated for differing wastes types to support retrievability. The design of the cell would meet 
RCRA Subtitle "C," 6 Code of Colorado Regulations (CCR) 1007-3, Subpart S, Corrective Action 
of 264.552,6 CCR 1007-3, and 6-CCR 1007-2, Part 2, "Requirements For Siting of Hazardous Waste 
Disposal Sites." The facility would accept media with low-level radioactive (e.g., less than 100 
nanocuries per gram [nCi/g]) andor hazardous constituents. This would not preclude the shipment of 
reinediation waste that could be more effectively and economically managed offsite. The facility 
would be designed and constructed to meet all of the applicable federal, state, and local regulatory 
req iii rein en t s . 

6.4.2 OFFSITE DISPOSAL OPTION 

Several offsite locations were considered under this option. Low-level waste (LLW) can be sent to the 
Nevada Test Site (NTS); however, NTS cannot accept low-level mixed waste (LLMW) under their 
current waste acceptance criteria. The Waste Isolation Pilot Plant (WIPP) location does not accept 
LLW or LLMW as part of their waste acceptance criteria (WAC); the option therefore was not carried 
forward in the study. The best facilities for the disposition of reinediation waste with only hazardous 
constituents are Subtitle *'C" landfills, such as the RCRA landfill in Last Chance, Colorado. At this 
time, the only facility accepting mixed remediation waste is the Envirocare facility in Tooele, Utah. 
For near-term remedial actions, it is anticipated that 90% of the waste will be mixed and could 
therefore go to the Envirocare facility under this option. 

The construction of a new offsite facility was considered; however, i t  was rejected because i t  would 
not meet the schedule requirements for the Site Vision. Depending on the location and the operator, 
inany years would be required for a Nuclear Regulatory Coininission License, an Environmental 
Impact Statement, a RCRA permit, land acquisition, and other requirements. Only existing facilities 
that could support the  accelerated action schedule were considered. 
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8.4.3 NO ACTION ALTERNATIVE 

This no action alternative is an option to the developinent of an ER waste inanageinent strategy. It 
was included in the evaluation to fumish a baseline for risk reduction at the Site that did not include 
the excavation and removal of remediation waste. In this option, all waste materials would be left in 
place with the exception of those materials that could be treated to reinove organic compounds and 
still meet the PPRGs. 

. 

May 1996 B-10 



_- 

RFER-95-01Oj:W Rev. 0 
Dnfr Interim MeasureAntenm Remedial Action Decision Document for the 

Waste Management Faci1iw a; the Rocky Fiats Environmental Technology Site 

B.5 COST ANALYSIS 

Based on the waste volume estimates discussed in Section B.3, Planned Remedial Activities, 
100,000 cy was selected as the basis for this cost analysis. Two cost estimates were developed: one 
for offsite disposal and one for onsite waste management. The estimates are based on previously 
incurred costs, professional experience, vendor quotes, conceptual design information, current labor 
rates, and current adjustment factors. 

t 

The major factors that affect offsite disposal costs include handling, packaging, transportation, the 
waste acceptance criteria, amount of waste being shipped at one time, the time of year during 
placement, the treatment method used, and the amount of debris in the waste. Where possible, 
assumptions for offsite disposal were selected to lower the cost and improve the feasibility of this 
option. Based on these assumptions, a life-cycle cost of approximately $2,302/cy was estimated (see 
Table B-2 for the cost summary, Attachment 1 for assumptions, and Attachment 2 for the cost basis). 
This cost includes packaging, handling, treatment, characterization, transportation, and disposal 
charges. Previously published estimates included only treatment and disposal charges, not the entire 
1ife:cycle cost. 

The life-cycle cost for onsite waste inanagement will be approximately $948/cy. This estimate 
includes packaging, handling, transportation, treatment, characterization, cell design and construction, 
operations, cap design and construction, and postclosure care and monitoring (see Attachment 1 and 
Attachment 2). The magnitude of the cost differences between onsite waste management and offsite 
disposal is illustrated in Figure B- 1 .  

It is important to note that both estimates are conceptual and are subject to variations as additional 
infonnation is obtained. However, because offsite disposal is twice as expensive as onsite waste 
management, i t  has been concluded that the onsite waste management option is the only viable 
alternative, based on the rough order-of-magnitude estimates. 
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$ . Table B-2 Onsite Vs. Offsite Disposal Costs 
L 
\ 

Offsite Disposal I Onsite Management 
Total 

s 
9 

Costl I I Total 

I Activity I cos t  

Containers $4,643,000 

Packaging $2,8 5 5,000 

TreatmentKharacterization $78,352,000 

Transportation $18,647,000 

? 
c 

N 

Contingency 

CY cost 

$46  -0- 

P 
$2,100,000 $29  

$1  8,722,000 $784  

$4,309,000 $186  

$733 Onsite Management 

- Design I $1.235.000 - 

- Permitting 
$20,77 7,000 - Cell Construction 

- Operations $1  1.604.000 

I 
. . ~~ 

- Cell Closure $7 96,000 I - Post Closure Care 

Subtotal I $48,090,000 I $48,090,000 

$73,222,000 $1,778 

$21,549,000 $523  

I I - 
$2,302 I I I $94,771,000 

- 
Costl 

CY - 
-0- 

$21 

- 
$1 87 

$43 

$481 

$732 - 
$21 5 

$948 

Note: All costs are in 1996  Dollars without contingency, except as noted. All are based on a waste volume of 100,000 cy  managed or disposed. 
Note: LAC updated the Offsite costs from the "new" Summary Tables E l  -1 1 on 4/16/96 Specifically the No Action Table E-1 1 
Note: LAC updated the Onsite costs from the CLC-B Summary Table E-2 on 4/3/96 
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FIGURE B-1: ONSITE WASTE MANAGEMENT VS. OFFSITE 
DISPOSAL COST COMPARISON 
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A big discrepancy in the treatment and characterization costs between the two options is shown in 
Table B-2 and Figure B- 1. Under the Corrective Action Management Unit (CAMU) guidelines, the 
waste does not have to be treated to meet the Land Disposal Restrictions (LDR), however the waste 
must comply with onsite WAC. The treatment costs were developed froin the actual costs for thermal 
desorption at the Site and the estimates for the Solar Pond sludge solidification process. Attachment 2 
explains how the characterization costs were developed for the two options. Treatment costs were one 
of the major differences between the two options. This was mainly due to the expected costs of 
having to solidify some of the waste to meet the LDRS. 

. 

The total volume of remediation waste was another factor added to the cost difference between onsite 
and offsite options. If the total volume of remediation waste was sufficiently small, it would be less 
expensive to ship waste offsite; however, the projected total waste volume is approximately five times 
greater than that volume. The break-even point for managing waste onsite is 12,750 cy. 
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B.6 SCHEDULE ANALYSIS 

One of the key factors for the comparative analysis of onsite waste management versus offsite disposal 
is schedule limitations. Cost and schedule are inseparable because one affects the other. Because of 
budget and schedule constraints, the concept of reducing overall risk to the public and the 
environment in less time, at a lower total cost, is inore attractive than an'extended waste removal 
process using offsite disposal. In the future, project expediency will become a significant factor in 
getting funding from Congress. 

The no action alternative will obviously delay cleanup. The risk to the public and the environment 
will continue and will likely increase because of open pathways for containinant migration. Schedule 
delays will not only,iinpact the risk but will increase future costs when escalation of remedial actions 
is implemented. 

Offsite disposal will require more time to disposition reinediation waste than onsite waste 
management. The reinediation waste at the Site is primarily LLMW and under the offsite disposal 
option most of the waste would go to the Envirocare facility, which currently is the only facility in the 
nation licensed to receive LLMW. As shown in the process flow diagram of Figure B-2, a long, 
arduous process is required before waste can be shipped offsite and accepted. Envirocare facility 
requirements that iinpact the schedule include: 

0 

e 

e 

e 

Docuinentation requirements that are inore extensive for disposal at Envirocare than for onsite 
waste management. Most of the docuinentation is required prior to shipment. For any given 
wastestream, the docuinentation requirements are greatly reduced after the first shipment. An 
estimate of the waste volume inust be submitted to Envirocare, a full year prior to shipment. 

Waste acceptance contingent on the submittal of sampling and characterization data. The 
reinediation waste inust.be sampled and analyzed several times prior to placement in the disposal 
facility. The initial analysis iiiust be completed before submittal of' Envirocare fonns. 

Remediation waste meeting LDRs. Delays and additional costs will be incurred in treating the 
waste. 

Time-consuming logistics of handling and shipping the waste. Mixed waste must be 
containerized. 

Interim staging requirements for large bulk media for storing the waste while awaiting approval 
for shipment from Envirocare. 

The completion of iiianifests/travelers and compliance with U.S. Departinent of Transportation 
(DOT) criteria (which specify weight restrictions and other criteria) which creates additional 
delays and costs. 
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Onsite waste management,has a shorter schedule than offsite disposal, once the WMF has been 
constructed. Like Envirocare, the onsite WMF would meet WAC; however, as shown in Figure B-3, 
the path froin excavation to final placement would be less intensive and inore expeditious. In general, 
only one sampling and analysis event would occur. The logistics of handling and disposal would be 
inore straight forward because of the proximity of the disposal location. Likewise, DOT requirements 
would not be applicable because no state or interstate highways are traveled, and weight restrictions 
could be modified. Schedule problems that impact onsite disposal include: 

The placement of waste in an onsite WMF will be delayed until the facility is constructed. This is 
likely to cause handling problems for remediation waste excavated prior to the completion of an 
onsite facility. 

Additional security requirements could hamper the transport of reinediation waste, although these 
requirements are insignificant compared to the packaging and manifesting requirements for offsite 
transport. 

A schedule of the onsite waste management and offsite disposal options is shown in Figure B-4 for 
comparison. 
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Figure 8-4: Onsite and Offsite Approval Schedules 
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Figure B-4:  Onsite and Offsite Approval Schedules 

Task Name 
Decision point . Does waste meet LOR3 

. . - ....... .... .- .... - - .. _. .. - - ... - 
Site completes Envirocare Profile Forms 

.... ..... ._ - .. 
Site Reviews and Revises Forms 

Submit Lab Analysis, Forms and Pre-Shipment 
Samples lo Envirocare 

Envirocare Evaluates Material for acceptability and 
approves waste profile forms 

Envirocare Analysis of Pre-Shipment Samples & 
establishes "Fingerprint" Acceptance Parameters 

__ __ 

__ .. __- 

Completion of Disposal Agreement 

__ 
Prep and Submit Radioactive Waste Shipment 8 
Disposal Record, Manifest. and Transportation Plan 

Evirocare Approval of Disposal Record and manifest 

___ 
Envirocare Signs and Sends Notice to Transport and 
Pre-Shipment Sample Lab Results 

Site sends 3-day shipment notification 
-._____ 

Make Firs1 Shipment of a single half-crale 

Envirocare inspects incoming shipment and takes 
samples for fingerprinting and independenl analysis 

Fingerprint parameters verified to allow unloading of 
waste 

Acceptable independent third-party analysis confirms 
shipment compliance 

Envirocare sends confirmation of disposal lo  the Site 
-___ 

-- 
Decsion Point - Does Waste meet LDRs 

Treal l o  Meet LDRs 

Od I 
5d I 
2( 

- 
3c 

- 
1 oc 
- 

2oc 

- 
5c 

- 
5c 

- 
oc 

__ 
5d 

I d  

- 
1 Od 

- 
2d 

Od 

-- 
5d 

Od 

~ 

Od 

- 
25d 

- I 
I 

I 



I 
I 
I 

+ 
I + 
m 

P I  

P I  

PZ 

PO I 

PO 

PZ 

azAleut/ puv saldtues ailsodwon axe I 



0 

RF,ER-9.5-0105 W, Rev. 0 
Dnfi  Interim Measurehten'm Remedial Action Decision Document for the 

I Waste Management Faci'iw a[ the Rocky Fiats Environmental TechnoloQ Site 

B.7 RISK ANALYSIS 

The risk analysis evaluated three types of risks: human health risk, liability risk, and risks to the 
environment. 

6.7.1 HUMAN HEALTH RISKS TO THE SITE WORKERS AND THE PUBLIC 

For the purposes of this evaluation, human health risk or hazard resulting from exposure to chemicals 
in the soil or water is defined as the increased chance or probability of developing cancer or other 
adverse health effects as a result of that exposure. Exposure may occur through ingestion of soils or 
waters, absorption of cheinicals through the skin, or by inhalation of airborne particulates or vapors. 
The health effects froin these exposures could vary froin minor skin irritations to cancer, depending on 
the chemical, the concentration, the exposure pathway, the length of the exposure, and the 
susceptibility of the receptor. 

The nature of the health risks to individuals can be classified as involuntary or voluntary, and as 
uncontrolled or controlled. Acceptability of a risk depends on its nature. Health risks to hazardous 
wastehemediation workers at the Site is minimized by compliance with the Occupational Safety and 
Health Act (OSHA) and DOE orders. Health risks are controlled through safety and awareness 
training, use of personal protective equipment, and monitoring systems. The risk is voluntary because 
the worker has the option to either accept or decline the task. Furthennore, the risk is clearly 
communicated, controlled, and accepted by the worker. Risks to the coininunity froin future land uses 
at the location or froin remedial activities are generally involuntary and cannot be controlled to the 
same extent as risk to a worker. If the decision is made to.take no action or to transport wastes offsite, 
the ability to minimize human health risks to the coininunity is greatly diminished. 

For the three options, the human health risk evaluation must consider very different ways in which 
people could be exposed to radiological or hazardous containinants (exposure scenarios). Worker 
safety is a factor for both onsite and offsite disposal. Risks to public safety due to accidents in 
transportation and handling of the waste is a factor for the offsite disposal option. Public safety risks 
include transportation- and construction-related injuries and fatalities, in addition to accidental 
radiological or hazardous releases. 

Of the three options, the no action alternative could present the greatest human health risk to the 
coininunity in the long tenn and least risk in the short tenn. The magnitude of the risk depends upon 
the types of exposures to the public, the concentrations, and types of chemicals present. This is 
dependent on the actions taken to prevent offsite migration and on the future land use permitted at the 
Site. 

Risk assessments have been completed on areas in  the buffer zone that initially were thought to be 
contaminated. The huinan health risks for OU I and the fonner OUs 2, 5 ,  and 6 have been 
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characterized as part of the RCRA Facility Investigation/Remedial Investigation process. These 
assessments characterize the human health risks of the no action alternative. 

Exposures to a potential office worker and to an open-space recreational user present the highest risk 
estimates. Cancer risks for office workers from contaminant exposure in buildings projected for the 
above OUs varied from 2 in 10,000 in OU 1, to 5 in 100,000 in the Walnut Creek area. This means 
that if 10,000 office workers worked in the highest risk area for 25 years, not more than 2 workers 
would be expected to develop cancer due to exposure to chemicals or radionuclides. The estimated 
risks to open space users were even lower, varying from 1 in 100,000 to less than 1 in 1,000,000. This 
means that for every person who uses the buffer zone for open-space recreation for 10 hours a month 
over 
a 25-year period 1 in 100,000 might develop cancer due to contaminant exposure. These risks are 
very low when compared to the background rates of 25 to 30 people out of 100 who develop cancer 
during their lifetimes. 

Risks have also been calculated for the exposure of offsite residents to contaminants in 903 Pad 
Mound and East Trenches. The risk of cancer to a resident living near the location due to offsite 
migration of 903 Pad Mound and East Trenches contaminants is much less than. 1 in 1,000,000, 
varying from 1 in 10,000,000 to I in 100,000,000,000. These risks are considered too low to be of 
consequence. Data from recent accelerated actions indicate that 903 Pad Mound and East Trenches 
subsurface contaminant concentrations could be significantly higher than originally estimated and 
likewise the human health risks to constniction workers could be higher if the no action alternative 
were implemented. 

Risk assessments for the IA have not been conducted. It is expected that the human health risks will 
be higher than in the buffer zone because of the intense industrial activity that has taken place there for 
the last 50 years. Investigation. data suggest that contaminant concentrations are significantly higher 
than levels in the buffer zone, and therefore, if no action is taken, the risks to Site workers would be 
higher. Without source removal, there is also a greater potential for release to the coininunity 
following Site closure. 

The remaining two options are onsite waste management and offsite disposal of reinediation wastes. 
After the reinediation waste has been placed in a WMF, the risks associated with these options should 
not be significantly different. However, the risks to both the Site workers and the public are expected 
to vary greatly in the handling and the movement of wastes to a facility. The differences in risks are 
due to uncertainties associated with transportation of the wastes. 

Onsite transportation involves the movement of wastes by truck for a distance of less than 3 miles, 
through a controlled environment (the site). Risks associated with this movement can be tightly 
controlled, especially with respect to the community and worker exposure. Offsite transportation 
involves the movement of LLW, LLMW, and HW for distances of approximately 700 miles by rail 
and/or trucking. It is estimated that during the disposal effort, over 2.5 million miles would be logged 
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by trucks offsite. For the total waste volume, national statistics in Accident Facts from the National 
Safety Council published in 1994, suggest that five accidents would occur during transportation to the 
offsite repository. These accidents would not necessarily be fatalities but could result in personal 
injuries, property damage, or an accidental spill. As a result of these accidents, communities along the 
route from the Site to the disposal cell could be exposed to both chemical and radiological. 
contamination. The magnitude of these risks are difficult to quantify; however, these exposures would 
be both involuntary and uncontrolled and, as such, may not be acceptable to potentially exposed 
communities (but probable low, given the nature of the waste). 

Human health risks from onsite construction and transportation are much lower. Only about 6,000 
miles would be logged by trucks onsite. The risk of uncontrolled releases of toxic substances will be 
greatly reduced. The risk to the public will be negligible and Site worker risk is controlled. Risks will 
also be controlled through dust suppression, personal protective equipment, training, continuous 
monitoring, and other safety measures. 

In summation, onsite waste management is the best option in terms of human health risks for'the 
following reasons: 

The no action alternative would provide no risk reduction. 

Additional handling and transportation to the offsite facility increases the likelihood of accidents 
resulting in injuries or spills. 

The offsite disposal alternative creates involuntary and uncontrolled risks to the public. 

The onsite waste inanagement. option is more amenable to risk management because risks can be 
tightly inanaged and controlled. Health risks to the workers would be better known and more 
risks would be voluntary. 

Finally, fewer overall risk reduction activities (including source removal) would be able to occur 
when using offsite disposal because less funding would be available. 

0 

The onsite waste management option offers the greatest overall risk reduction. Risk management 
could be conducted in a tightly controlled manner. Remediation waste would not be moved through 
communities where the public could be involuntarily subjected to accidental spills. Additional risk 
reduction could occur sooner and at a lower cost reducing exposure pathways through the air, surface 
waters, and groundwater. 
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8.7.2 LIABILITY RISKS 

In evaluating liability, both near-term and long-term liability risks were analyzed. Near-tenn risks 
include the liability from spills that could occur in handling, storing, and transporting the reinediation 
waste. Long-term liability risks include the ability to manage materials safely over time and long-term 
fiscal liability. These long-term risks could exist because some contaminants present in the 
reinediation waste are resistant to natural degradation processes. 

The liabilities involved with the no action alternative present the greatest risk because of the potential 
that contaminants could migrate offsite as airborne particulates or through surface waters to private 
and public lands, and bodies of water. Potential costs for cleanup of larger areas of contamination and 
possible payments for..damage to human health and the environment are significant. The increased 
number of potential exposure pathways create a greater possibility for contamination of offsite lands, 
thus creating more liability from lawsuits for damage of property than either onsite waste management 
or offsite disposal of reinediation waste. There could be additional exposure to the public if future 
land uses of the Site allow greater public access. Without some removal of contaminants, the Site 
cannot be released for other uses. 

If reinediation waste is disposed of offsite, it reduces no-action risks but there are the increased 
liabilities. The offsite disposal option could cause spills that could occur during transportation 
because of the additional mileage to offsite facilities, including damage caused by contaminated media 
being spread on uncontaminated roads and offsite property. The costs for offsite spills could be' 
greater because there is a greater potential of larger and more pristine areas to become contaminated. 
Additionally, physical damage could occur to people, vehicles, and property. 

Long-term waste management options, both onsite and offsite, were deemed to be equally effective in 
containing contaminants because of similar design and similar regulatory requirements. The Site and 
NTS are both DOE facilities. Other facilities are under private ownership. NTS cannot accept 
RCRA-listed waste, which severely limits the volume of waste that NTS can accept from the Site. For 
the offsite disposal option, most of the remediation waste would have to be managed in facilities that 
rely on the viability of a private finn to ensure continued operation. For the DOE, this reliance on a 

private finn is a risk in tenns of liability, because there is no guarantee of continued effective 
operation. There is also no guarantee that the facility will remain effective over the hun'dreds or even 
thousands of years that the waste will pose a risk. Under CERCLA liability, waste remains the 
responsibility of the generator forever. A comparison of liability risks is presented in Table B-3. 
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Table 8-3 Comparison of Liability Between Onsite Waste Management and Offsite 
Disposal Options 

Liability 

. 
Transportation 
Risks 

~ _ _ _ _ _  ~ 

Handling Risks 

Long -Te rm 
Fisca I Lia bi I i ty 

Fiscal Risk 

Long -Te rm 
Effectiveness 

No Action 
Alternative 

Not Applicable 

Not Applicable 

Liability risk due to 
potential migration 
of contaminants via 
groundwater, 
surface water, and 
airborne 
particulates. 

Mitigation costs of 
offsite land and 
surface water. 

Not effective - 
Contaminated 
materials continue 
to be exposed to 
the environment. 
Cleanup costs 
increase because 
of the increase in 
areas of 
contamination. 

Onsite Waste 
Management Option 

Reduced mileage to 
WMF would reduce 
likelihood of a spill. If a 
spill did occur it would 
be on DOE property, 
and therefore, would not 
affect private or public 
property. 

Less handling prior to 
shipment would reduce 
worker exposure and 
accidents. 

Liability due to leaks and 
s p i I I s . 

Reduced fiscal risk- 
WMF remains on 
government property. 
DOE retains better 
control of costs in the 
event of a spill. 

Because of similar 
engineering design 
requirements, onsite and 
offsite are approximately 
the same. 
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Offsite 
DisDosal ODtion 

Increased-risk due to 
additional distance to WMF 
Spill or accident could 
threaten public health or 
damage public or private 
property. 

Additional handling prior to 
shipment could increase 
liability risk from worker 
exposure and accidents. 

Liability.due to leaks and 
spills. 

Possibility that operator 
might not exist in future. 
Liability for remediation 
waste could fall back to DOE 
based on CERCLA, or if 
trusts are consumed. 

Because of similar 
engineering design 
requirements, onsite and 
offsite are approximately the 
same. 
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8.7.3 IMPACT TO THE ENVIRONMENT 

Environmental impacts to air quality, surface water, groundwater, soils, and ecosystems were 
considered for the three options. Impacts due to construction andor expansion of offsite facilities 
were not considered beEause it was assumed that these impacts had already occurred. Environmental 
impacts from source removals were assumed to be similar between the onsite and offsite options. 
Dust suppression, erosional control, and other efforts will be used to minimize the impact. Because of 
regulatory requirements, both onsite and offsite options were assuined to be adequately designed to 
protect the environment once the remediation waste had been placed in the WMF. 

B.7.3.1 No Action Alternative 

The no action alternative would have the most detrimental impacts to the environment because the 
least amount of effort would be put into restricting the migration of contaminants. 

Impact to Air Quality 

There could be local air quality impacts due to the dispersion of contaminated soils which were not 
remediated. Emission rates of volatiles in subsurface soils will be dependent upon future activities at 
the location. Potential exposures or releases could result from future events, such as construction or 
erosion. 

Ecological Impact 

Impacts to ecosystems are not expected to be significant. Minor impacts to plants and wildlife could 
slowly increase as containinants.migrate. Contaminants could move from sources to groundwater and 
from groundwater to surficial waters which, in  turn, increases exposure to surficial ecosystems; 
however, many of these contaminants will be destroyed, volatilized, or adsorbed by the soil prior to 
exposure by this pathway. 
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@ Impact to Soils And Sediments 

The volume of contaminated subsurface soil will increase slowly as free-phase solvents and 
containinated groundwater spread out. Sediments could be impacted as airborne contaminants settle 
in drainages, seeps bring containinants to the surface, and/or erosion occurs. This is not consistent 
with intent of Rocky Flats Cleanup Agreement (RFCA). 

Impact to Water Quality 

Groundwater plumes will continue to spread due to diffusion and advection. Additional contaminants 
will leach into groundwater and surface waters because the sources of contaminants have not been 
removed. 

6.7.3.2 Offsite Disposal 

Impact to Air Quality 

Direct environinental impacts include vehicle exhaust during excavation and transportation of the 
excavated inaterials and particulates froin excavation, placement of contaminated media, and 
transportation over dirt roads. There is a potential for a spill to occur during handling and 
transportation, resulting in the dispersion of containinated dust or vapors. Dust control during the spill 
cleanup should reduce this impact. 

Ecological Impact 

No direct impact to the ecosystem is anticipated, except if a spill were to occur during handling or 
transportation. If excavation of a spill were required, plants and/or habitats could be destroyed and 
irreversible h a m  could occur, if the replacement of these plants and/or habitats were not successful. 

Impact to Soils And Sediments 

As with the other environmental impacts, if a spill occurred during handling or transportation, there 
could be a direct impact to soils. Excavation of the contaminated soil would be required and, based on 
the characterization of the spill area, a greater volume of contaminated soil could require remediation. 

Impact to Water Quality 

No direct environinental impact is anticipated, except if a spill occurs during handling or 
transportation. Contamination of the surface water is possible depending on.the location of the spill. 
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B.7.3.3 Onsite Waste Management Option 

This option assumes that the location of a WMF will be at the Site (see Appendix C, Onsite Waste 
Management Facility Siting Study). Environmental impacts are location-specific and this evaluation 
could change based on the selected location. 

Impact to Air Quality 

Direct environmental impacts include vehicle exhaust during excavation and transportation of the 
excavated materials and particulates from excavation, placement of contaminated media, and 
transportation over dirt roads. There is a potential for a spill to occur during handling and 
transportation, resulting ,in the ,dispersion-of.contatninated dust or vapors. Impacts would be 
controlled by operational control of particulate and airborne contaminants. 

Ecological Impact 

Impacts to plant communities, wetlands, and other habitats will be minimized at the selected location. 
Likewise, the impact to threatened and endangered species is also expected to be minimal. 

Impact to Soils and Sediments 

Minimal damage will occur to the top soil at the selected location of the WMF. A higher erosional 
impact could also occur particularly if the WMF is situated close to areas with high natural erosion 
rates, such as drainage basins and slopes; however, through siting and erosional controls this effect 
will be minimized. Spills or leakage through the cell liner could also occur that could impacts surficial 
soils. 

Impact to Water Quality 

Based on the siting requirements in 6 CCR 1007-2, the WMF would be designed to isolate wastes for 
a thousand years from natural environmental pathways that could expose the public. Therefore, no 
impact on water quality is anticipated for the onsite option. An onsite WMF would include a 
postclosure (30 years) groundwater monitoring system for early detection of contaminant migration. 
There is a possibility of spills during transportation and handling; however, this risk is much less than 
the offsite option because of the close proximity of the WMF and fewer labor-intensive handling 
requireinents prior to placement of the reinediation waste. A suininary of potential environmental 
impacts is given in Table B-4. 
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Table B-4 Summary of Environmental Impacts 

Water Quality 
Impacts 

e 

e 

Possible impact 
due to spills, 
otherwise 
minimal. 

Dependent on 

Option 

Possible impact due 
to spills, otherwise 
minimal. 

Minimal impact. 

No Action 
Alternative 

Offsite * 

Disposal 
Option 

Onsite Waste 
Management 
Option 

Air Quality 
Impact 

Airborne 
dispersal of 
contaminants 
in soils. 

Possible 
impact due to 
spills, 
otherwise 
minimal. 

Possible 
airborne 
particulates/ 
contaminants 
generated 
during 
construction 
depending on 
location. 
Possible 
impact due to 
spills. 

Ecological 
Impacts 

Damage to local 
ecology due to 
unchecked 
migration of 
contaminants. 

Possible impact 
due to spills, 
otherwise minimal. 

Dependent on 
location. Impacts 
to plants, animal 
habitat, and 
threatened and 
endangered 
species can be 
minimized through 
location selection 
process. 

Increase in 
contaminated 
areas due to 
unchecked 
migration of 
contaminants. 

Increase in plume 
size and increased 
transport of 
contaminants to 
surface water. 

May I996 B-33 



WER-95-0105. UN Rev. 0 
Dmfl Intenin Measurehtenin Remedial Action Decision Document for the 

Waste Management Facility at the Rocky Flats Environmental Technology Site 

B.8 CAPACITY AND AVAILABILITY 

The capacity and availability for accepting remediation waste of the three different remediation waste 
inanagement options are significant factors in the decision-making process. As a permitted treatment 
and storage facility (e.g. existing RCR4 Pennit #91-09-30-01 for storage), the Site has temporarily 
stored waste for the short and the long term until offsite disposal could occur. The cost impacts have 
been enonnous in providing capital investment for storage facilities, and the required routine 
maintenance and scheduled walkdowns of waste inventories. 

As mentioned previously, the majority of ER remedial waste media is projected to be contaminated 
soils and designated as LLMW. The most cost-effective and efficient manner in handling this waste 
media is in bulk (e.g., tandem dump trucks or large roll-off containers) versus drums or crates. The 
Site has a permitted storage capacity of 23,700 cy for LLMW. An inventory of LLMW, as of 
January 1995, accounts for 19,300 cy, which leaves 4,400 cy of usable storage space (see Table B-5, 
Pennitted and Interim Status Storage Units). The pennitted capacity of several of the RCRA units is 
larger than the available physical capacity of the unit. The permitted capacity can never be realized 
because of the physical limitations of the facility. A majority of the permitted facilities are structured 
for the storage of drums and crates and not for roll-off containers used for bulk ER waste material. As 
shown in Table B- 1, the ER waste generation rate would surpass the existing available onsite storage 
space before offsite shipment could occur. Common sense dictates that waste should not be generated 
unless the inaterial can be immediately disposed of offsite or managed onsite. 

For the no action alternative, there is no driving factor because no removal action will take place. The 
waste inaterial would remain as is with a higher level of risk to the public and the environment; 
therefore, capacity and availability have no significant impact. 

For the offsite disposal option, capacity and availability are significant factors. Oak Ridge National 
Laboratory (ORNL) is the DOE facility that has contracted collectively on behalf of all DOE facilities 
with Envirocare of Utah for waste disposal. The contractual maximuin waste limit which in all DOE 
facilities collectively can ship to Envirocare is 350,000 cy over the entire contract life (e.g., 5 years). 
A further breakdown of this value is 70,000 cy/year by all combined facilities. However, the WAC 
imposed by Envirocare to waste generators requires a rigorous process of verification and assurance 
for compliance with the LDR. A process flow diagram that outlines the duration of these requirements 
is shown in  Figure B-2 and illustrates that waste generated cannot be shipped offsite until approval is 
granted from the disposal location (Envirocare). 
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Table 6-5 Permitted and Interim Status Storage Units (Reference: ,1995 Comprehensive Waste Management Plan) 
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The requireinent that all waste characterization be conducted by certified State of Utah laboratories 
further restricts the availability of resources. Additionally, the assumption of transporting the majority 
of waste by rail to Envirocare would have both substantial cost and time savings versus waste 
shipment by trucking. DOT imposes restrictions on trucking for maximum load capacities on federal 
and state highways, which ultimately reduces the volume of waste per shipment. However, the 
logistics of handling and shipping waste by rail car are presently not available at the Site. A loading 
facility would be required to handle the shipments by rail. 

' 

Capacity and availability appear more attractive for onsite waste management. The waste disposal cell 
would be designed and constructed for a net volume of 100,000 cy. No restriction on the annual 
volume of waste would be imposed on the generator. In fact, the operations onsite could probably 
accept up to 500 cy/day. It is unlikely that the rate of removal and treatment of reinediation waste 
could exceed the acceptance rate. In other words, removal actions would not be impeded by 
utilization of an onsite WMF. The WAC required for the onsite WMF unit would be less complicated 
than the offsite option and would be the process shown on Figure B-3, not become the lengthy 
process shown in Figure B-2. Characterization and certification could be obtained through a quality 
controlled prograin maximizing the use of field instrumentation techniques that could significantly 
reduce costs and schedules. Also, DOT load capacity requirements are not as stringent because state 
or interstate highways are not used. As a suminary of comparisons, Table B-6 suminarizes the 
capacity and availability of each option. 
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Table B-6 Comparison of Capacity and Availability of Waste Management Options 

Maximum Capacity Advan tagesl 
(Volume) Availability Restrictions 

4,425 cy NO impact Capacity is restricted by the 
current Site capability to 
store waste. 

Onsite Waste 
Management 

100,000 cy Readily available (once 
constructed) and 
limited by maximum 
capacity. 

1. No restrictions on the 
volume accepted 
except total capacity. 

2. The WAC is not as 
stringent. 

3. DOT requirements are 
not applicable. 

Offsite 
Disposal 

70,000 cy" 5 years"' 1. Approval granted by 
Envirocare. 

2. Waste characterization 
done by certified State 
of Utah laboratories. 

3. DOT requirements for 
trucking on highways. 

Notes: 

January 1995). 
Remainder of the space available at the Site for the storage of LLMW (based on the inventory as of 

** 

according to the contract with the DOE. The maximum waste capacity for &I DOE facilities for 
Envirocare during the life of the contract is 350,000 cy. 

Maximum waste limit that can be shipped to Envirocare per year for 5 years from &I DOE facilities 

*** 

for extension after 5 years. 
Based on the'current contract expiration with Envirocare. Conditionally, contract may be approved 

May 1996 B-3 8 



RFER-95-0105.W, Rev. 0 
Dnfr Inten'm Measurehteriin RernediaI Action Decision Document for the 

Waste Management Faciliv at the Rocky Flats Environmental Technology Site 

6.9 RECOMMENDATIONS 

Overall the evaluation indicates that the onsite management of remediation waste is the best option. 
The main advantages are: 

Cost-effectiveness 

t 

0. The possibility of offsite spills is negated 

There is better support of the Site mission as embodied in the Site Vision 

Greater support,for the reduction of risks to the public and the environment is provided 

The main cost benefit for onsite waste management is that under a CAMU designation, remediation 
waste would not have to be treated to meet the LDR; it would only need to be treated to ensure that the 
contaminants are immobile. 

This evaluation was based on the assumption that an onsite CAMU would be operated for an 
indefinite period of time. Should the C A W  serve only as a temporary unit, then final action costs 
could warrant the consideration of offsite facilities. Although an onsite facility is designed for 
retrievability, should the remediation waste need to be removed or it becomes economically or 
technologically feasible to treat the contamination, the intention is that it be managed as any other 
CAMU, and like other CAMUs, it is intended to be the final action for most of the waste placed into 
i t .  

To coinpare the effects of onsite waste management versus offsite disposal, a hypothetical model (see 
Table B-7) was developed that tied in costs, waste.volumes, and accelerated actions. The accelerated 
actions and waste voluines in Table B-7 were evaluated under a fixed budget of $20M per year until 
all of the actions were completed. Waste ininimization of remediation waste by thermal desorption 
treatment was incorporated into the model. These soils were assumed to be returned to their source 
areas and were not placed in a WMF. As shown in Figures B-5 and B-6, an equal volume of remedial 
waste is dispositioned in 5 years with onsite waste management versus 16 years under the offsite 
disposal option. A description of the hypothetical cost model is presented in Attachment 3. 

. 

The onsite waste management option not only manages the waste in a more expeditious time fraine 
and reduces risk to the environment and the public, but total costs expenditures are reduced 
significantly. As mentioned earlier, funding from Congress for future environmental cleanup is being 
reduced and will become more difficult to justify. Onsite waste inanageinent is less expensive than 
offsite disposal, and would enable an expedient reduction of environmental risks at the Site because 
the annual budget would not be consumed by offsite disposal costs. This, in turn, would result in 
greater overall risk reduction and long-term protectiveness of huinan health and the environment. 
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The priinary challenge associated with an onsite WMF will be to obtain approval for an onsite 
CAMU, and obtaining public approval. Offsite facilities are currently permitted and are ready to 
accept waste for disposal despite problems with logistics and higher costs than onsite facilities. 

Clearly, onsite waste iwnageinent is the most cost-effective and viable option for the management of 
reinediation waste at the Site. . 
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Fiscal Year 
Year 1 
Year 2 
Year 3 

- Year4 
Year 5 
Year 6 
Year 7 
Year 8 
Year 9 

tfj Year 10 
Year 11 
Year 12 
Year 13 
Year 14 

P 
e 

Onsite Option 
Waste Management 

fcv) 
0 

12,348 
6,032 
6,104 
11,946 
11,946 
11,946 
11,946 
3,352 
72 3 

Table B-7 Remediation Waste (cy) Treated By Fiscal Year 

Onsite Option 
Thermal Desorption 

Treated Soil 

6,800 
0 

4,090 
4,020 
0 
0 
0 
0 

6,170 
2,470 

Icv) 

Total 76,350 23,550 

Onsite Option 
Total Waste 

Volume 
Icv) 

6,800 
12,348 

10,l 24 
11,946 
1 1,946 
11,946 
11,946 
9,522 
3,200 

10,122 

Offsite Option 
Waste Disposal 
Icv) 

0 
7200 
7,034 
4,016 
3,519 
7,059 
7,059 
7,059 
7,059 
7,059 
7,059 
7,059 
3,958 
1,210 

Offsite Option 
Therm Desorption 

Treated Soil 

6,800 
0 

144 
3,686 
4,280 

0 
0 
0 
0 
0 
0 
0 

3,770 
4,870 

Icv) 

99,900 76,350 23,550 
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Figure B-6 Total Waste Dispositioned From Accelerated Actions 
Versus Time 

(Includes both treated waste and waste diposal) 

*Onsite Option Total 
Waste Volume 
(CY) 

-Offsite Option Total 
Waste Volume 
(CY) 

Year Year Year Year Year Year Year Year Year Year Year Year Year Year 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Fiscal Year 
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a General Assumptions 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Assume that onsite waste management would be conducted under CAMU guidance (Subpart S ,  
Corrective Action, Section 264.552 of 6 CCR 1007-3). 

Assume that the onsite WMF would be designed to not pose a risk to the public or the 
environment for a thousand years in accordance with 6-CCR 1007-2, Part 2, Requirements For 
Siting of Hazardous Waste Disposal Sites. 

Assume that high-level volatile and seinivolatile organic constituents in the reinediation waste 
would be treated using thennal desorption. Assume that contaminated soils would be treated; if 
PPRGs are met, .the soils would be returned to their original point of excavation; if PPRGs are not 
met, the soils would be managed in the WMF. 

No new interim storage facilities will be planned or budgeted for future storage of waste. 

A limited budget in FY96 exists for the ER prograin,. Outyear budgets have not been confinned, 
however, a reduced budget for FY97 and outyears is assumed. . 

The use of railway shipment for bulk waste offsite would require upgrades or inodifications to the 
existing system and a new loading facility. 

No TRU waste was evaluated. 

Under all of the options, groundwater monitoring will be integrated into the existing sitewide 
monitoring prograin. For an onsite facility, it was assumed that some additional wells would be 
necessary and that existing wells could also be used. 

9. I For all of the options, it was assumed that the level of all monitoring currently used at the Site 
would be continued. For the onsite option, additional monitoring would be required during 
construction and operation for health and safety purposes. 

Assumptions of the Waste Volume Estimate (as presented in Table 6-1) 

1. The total voluine estimated for the Solar Ponds ranges froin 10,700 to 160,000 cy as referred by 
the OU 4 /M/7RA Decision Document. The value chosen assumes the ,vadose and surficial soils 
will require minimal remedial action based on the risk to huinan health and the environment. 
Pondcrete and sludge will be accepted without further treatment for free liquids. Sludge and 
pondcrete waste fonns can be intennixed with soils to meet moisture content requirements. 0 

2. The waste types exhibited are LLMW, I-IW. and LLW 
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3. 'Assuine that approximately 6Wo of the IDM drums (3,000 drums) will be going to the WMF, the 
remaining 2,000 drums will be disposed of in the present sanitary landfill under 4-U50-REP- 1006. 

4. Potential Early Actions waste will be disposed of in the WMF if the treated waste cannot be 
returned to the source location. 

5 .  Table B-1 does not include volumes for the remaining IHSSs in the Industrial Area. Because of 
budgetary constraints, insufficient sampling results are available to project potential remediation 
waste volumes. Remediation activities in OUs 1, 3, and Walnut Creek Area are not anticipated to 
generate significant waste volumes. IHSS 115 and OU 7 landfills are assumed to be capped. 

6. The total estimate of 85,629 cy of remediation waste is based on a 15% fluff/expansion factor. 

7. The schedule for accelerated actions is presently unknown because of potential budgetary 
constraints. The volumes of the accelerated action removals do not represent the total cleanup of 
the Site. 

Cost-Analysis Assumptions 

1.  For offsite disposal, all LLMW and HW will go to Envirocare. 

2. For offsite disposal only, small quantities of waste will be packaged in crates. 

3. The remaining waste (approximately 98%), destined for offsite disposal, will be packaged in bulk 
in roll-offs. Roll-offs are large, rectangular containers constructed of steel which can be placed on 
tractor trailers or rail cars. The roll-offs were assumed to have a capacity of 20 cy. 

4. All waste destined for offsite disposal will be packaged in roll-off containers. 

5 .  No waste will be required to be packaged in crates for onsite waste management. 

Envirocare will accept waste in roll-off containers and will allow the waste to be disposed of in 
bulk. They will proceed to decontaminate the roll-off containers allowing thein to be used again. 
For this reason, no inore than a two-month supply of roll-off containers will be needed. It is 
assumed that 500 cy (on average) will be shipped offsite every 2 months. Therefore, 34 roll-off 
containers will be procured (see Attachment 2 for the calculation). 

6.  

7. The Site will have the capability to handle and manage the roll-offs. Currently the Site does not 
have the equipment or facilities to handle and manage large ainounts of shipments via roll-offs. 

8. Waste characterization costs will be similar to the actual costs of the OU 1 hot-spot removal. 
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11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 
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The overhead costs at the Site and subcontractor costs will remain the same in the future. 

Rail transportation will be available for LLMW shipments to Envirocare. 

NTS does not currently have a rail spur and doesn’t appear that one will be built in the near 
future. So all LLW being shipped to NTS will be done in roll-offs via truck (approximately 5% 
of the total waste volume estimate). All waste shipments are currently being shipped via truck, 
therefore, it is safe to assume that this practice will continue. Also, it was assumed that 25% of 
the total waste amounts will be shipped by truck and the remaining 75% of the total waste will 
be shipped by rail. 

The NTS tipping fee will remain at $17/cubic foot. 

The Site will be allowed to utilize the Envirocare“Above 25,000 Cubic Yard” price schedule 
(least expensive of three options). 

Each of the roll-offs will be decontaminated for return to the Site by Envirocare and will not be 
disposed of in their cell. 

Seventy percent of the waste will be shipped in the summer, and 30% of the waste will be 
shipped in the winter. 

The Site will not ship any sinall waste-streams (less than 4,000 cy). 

No inaterial will be shipped with dimensions greater than 10 inches (demolition debris is 
excluded from this analysis). 

All treatment will be accomplished through thennal desorption andor solidification. 

Waste managed in the onsite cell will be managed under C A W  guidelines. 

Postclosure care and monitoring will be done on a quarterly basis for the first ten years and 
semiannually for the remaining twenty years. This is for groundwater monitoring only. Cap 
maintenance will be conducted as needed. 

Treatment and handling system are not expected to produce emissions sufficient to require 
additional permitting. Air monitoring will be conducted via the existing Site monitoring 
system. Any additional air inonitoring required for worker health and safety considerations will 
be conducted by the appropriate oversight organization. 

\ 
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Schedule Assumptions 

1. The use of laboratories in the State of Colorado which are certified by the State of Utah will not 
cause schedule impacts. 

2. Assume 25% of the total waste (e.g., 25,000 cy) was shipped offsite in bulk via truck, using 
the 20 cy roll-off containers. This would become a lengthy process, (e.g., 8 years), based on 
shipping 500 cy every two months. This equates to 36 truckloads in a two-month period. This 
also assumes that there would not be delays in the waste characterization process. 

Hypothetical Model for Waste Volume Cost Over Time Assumptions 

1. The waste disposal and treatment options were based on an annual budget of $20M for ER 
activities, with the exception of a budget of $10M for FY96. This budget was used in planning 
for outyear activities as well. 

2. The same costs for thennal desorption were used for both onsite and offsite options because it  was 
a conservative estimate for both options. 

3 .  The total volume does not include all of the high-risk removal actions because areas in the IA 
have not been totally characterized. However, it does represent the majority high-risk waste 
volumes outside of demolition activities. 

4. No waste will be disposed of until FY97 
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WASTE CONTAINERS 

ASSUMPTIONS: 

1) No waste will be packaged in drums due the higher cost per unit volume of waste. 

2) Due to the small quantities of some of the waste streams and the fact that RFETS is currently 
packaging off-site waste in half crates, it was assumed that 2% (2,000 cy) of the projected waste 
volume will be packaged and transported in half-crates. Half crates are not re-usable. 

3) The remainder of the remediation waste will be packaged in re-usable roll-off containers (98,000 cy) for offsite disposal. 

4) Roll-offs will be cleaned/decontaminated and returned for re-use after waste disposal. 
The cycle time for a rolloff is two months. 
5) Rate o f disDosal. The cost estimate rate for off-site disposal at Envirocare is 3 years. This number 
averages to 5,444 cy per two months. Therefore the amount of roll-offs that need to be procured is 372. 
See detailed BOE below). 

6)lt was assumed that only 20 C.Y. roll-offs or containers would be used. 

7) All waste (98,000 C.Y.) will be generated and disposed within a three year period. 

COST CALCULATIONS AND BASIS OF ESTIMATE: 

External volume of a half .crate 

Cubic yards of waste per half crate - loss due to 
packaging 

Volume of waste to be disposed in half crates 
(cubic yards) 

Volume of waste to be disposed in half crates 
(cubic feet) 

Number of crates required 

Cost per crate 

5 6  c.f. (standard volume) 

Internal volume calculation based on 
38  c.f. Specification Drawing dimensions. 

2,000 c.y. Assumption #2 above. 

Assumption #2 above. 2,000 c.y. X 
54,000 c.f. 27 c.f./c.y. 

1,421 crates (54,000 c.f.)/(38 c. f./Hcrate) 

$500 dollars each Recent procurement 

\Total cost of Halfcrates, Offsite Options. $ 71 0,500 11,421 crates X $500/crate 
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CONTAINER COST SUMMARY: 

- 
Total half-crate cost (2% of Waste- Volume) 

Total roll-off cost (offsite transport & Disposal) 
TOTAL CONTAINER COST (Offsite disposal options) 

$71 0,500 
$3,932,040 
$4,642,540 

I TOTAL CONTAINER COST (Onsite storage options) $52,850,000 I 
I I 

Note 1. 
End dump trucks operating and acquisition costs were placed into the Transportation BOE 
Note 2. 
Note these costs are, UNescalated. 
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PACKAGING 

1) For the purposes of this estimate it was assumed that the waste would not be packaged in 
drums because of the higher costs. 

2) Due to their small quantities, the following wastes likely will be packaged in half-crates see Table 5-1): 

OU-2 Trench T-2 0 cu. yd. 
OU-4 Dibris 700 cu. yd. 
OU-9 Tank 40 130 cu. yd. 

Hot Spot Removal 50  cu. yd. 
IDM 180 cu. yd. 

OU-6 8-1 Dam a CU. yd. 

TOTAL 1.068 CU. yd. 

3) Approximately 1421 Halfcrates will be required to contain 2,000 C.Y.Waste. 

4) Packaging refers only to the cost of labor and labor supplies necessary to prepare, fill, label, and certify containers 
of waste for transportation. Packaging costs here exclude cost of containers , transportation, and characterization. 

Crates packaged per hour, including 
documentation 0.2 crates/hr Experience on 750 Pad. 

Number of crates 1,421 crates (From "Waste Containers" BOE) 

Total hours to fill, seal, glue and nail lids, 
provide and attach documentation on 
Loaded Crates 7,105 hours (1421 crates )/(0.2 crates/hr) 

Cost per labor hour 
Assumed base rate including labor burden. From 

$85 /hr FY 96 Budget Call Book. 

ITotal cost to Packaae Halfcrates $603.925 1$85/hr X 7.105 hours I 

6) Assume that all waste stored or disposed of on-site not "in bulk" will be packaged in roll-offs. 
sa) Assume that all waste destined for "immediate" offsite disposal will be packaged in rolloffs. 
6b) Assume that all waste stored or disposed on site, "in bulk" will be packaged and transported in End Dump Trucks. 

7 )  Assume that the packagina time for end dump trucks and rolloffs are equal, regardless of destination. 

) Personal Protective Equipment (PPE ) is assumed to be no greater than level D (gray coveralls) for estimating 
purposes. Costs of Level D PPE is considered minimal. Actual PPE will be prescribed by site HS &R personnel. 
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Total cost for roll-off packaging (off-site) 

Total cost for roll-off packaging (on-site) 

$2,251,480 

$1,700,000 

Person-hours to package one container 

6622 X $340 

5,000 X $340 

Cost per labor hour 

Labor cost per container 

Amount of waste in roll offs (off-site) 

Amount of waste in roll-offs (on-site) 

Volume of waste allowed in one rolloff. 
(offsite) 

Volume of waste allowed in one rolloff. 
(onsite) 

Number of times the roll-offs need to be 
packaged (off-site rail transportation) 

Number of times the roll-offs need to be 
packaged (on-site storage options) 

4 hours 

$85 /hour 

$ 340 

98,000 c.y. 

00,000 c.y. 

14.8 c.y. 

20.0 c.y. 

6,622 times 

5,000 times 

Actuals from Trench T-3 and T-4 Removal 
Project 
Approximate average labor rate 

4 Hours X $85 

100,000 cy - 2,000 cy (in crates) 

Ground Rule from Section 7.0 of this document 

From "Waste Container" BOE 

From "Waste Container" BOE 

ga,ooocY 14.8 cY/Roiioff = 6622 

100,OOOCy / 20 CY = 5000 
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Person-hours to packagelload one dump 
truck, including loading, documentation, 
placarding, and smear testing. (excludes 
excavation, crushing, grinding or 
treatment time and costs.) (Assumes 
clock time = 2 hours) 

4 hours Assumed based on actuals from Trench T-3 and 
T-4 Removal Project 

Amount of waste in dump trucks (on- 
site) 100,000 c.y. From 'Waste Container' BOE 

Volume of waste allowed in one dump 
truck 16.0 c.y. From 'Transportation' BOE 

Number of times the dump trucks need 
to be packaged (on-site) 

6,250 times (100,OOOC.Y.) I (16 C.Y. per truck) 

Total hours to place waste in dump 
trucks. Includes documentation, 
placarding, smear testing. 

25,000 hours 4 Hours to package one dump truck X 6250 
times 

Cost per labor hour $85 h o u r  Base labor rate from FY96 Budget Call 

Cost to package dump trucks wlo 
contingency 

Total cost for dump truck packaging 

$2,125,000 Total hours X labor rate 

$2,125,000 ITotal cost wlo contingency 
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PACKAGING COST SUMMARY 

OFFSITE PACKAGING COSTS 
(2,000 CY) Total half-crate packaging 

cost $603,925 

(98,000 CY) Total roll-off packaging cost $2,25 1,480 
TOTAL OFFSITE PACKAGING COST W/O 
CONTINGENCY (1 00,OOOCY) $2,855,405 

65  

IONSITE PACKAGINGCOSTS . Bulk 1 
Total half-crate packaging cost $0 
(100,OOOCY) Total dump truck 

packaging costs $2,125,000 

Total half-crate packaging cost 
(1 00,000 C.Y.) Total roll-off packaging 

Note: All costs on packaging BOE are 
UNescalated 
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TRANSPORTATION 

ASSUMPTIONS: 

1) No Drum Transportation is included in this estimate 

2) Approximately 1421 Halfcrates are included in this transportation estimate for offsite disposal. 
All Halfcrates will be transported by truck to offsite disposal. 

3) Approximately 4900 roll-off containers of waste will be transported off-site (98,000 C.Y. / 20 CY each). 

4) For onsite disposal /placement in bulk calculations all waste will be transported in 16 C.Y end-dump trucks. 
The trucks will be weight rated to transport full loads. 

5) For onsite storage and transportation in containers the volume per container is 20 C.Y., 
only one container per truckload. 

6) All rolloffs for offsite disposal will be transported by rail. 

7) Rail Transportation of rolloffs, maximum of 4 Roll-offs per railcar, (80 C.Y. volume capacity / railcar), 
for return transportation of used, clean, empty, ,rolloffs to site for reuse. 

8) Rail Transportation, Maximum number of rolloffs per loaded car is 3 due to weight limit 
of 75 tons. ( See Weight & Volume Calculation in this BOE). 

9) The existing rail siding at RFETS is currently active, certified and considered adequate to support 

10) Railcar loading equipment must be provided and included in this estimate e. 
11 ) Contingency will not be added to individual BOE's. 

COST CALCULATIONS AND BASIS OF ESTIMATES: 

Half-Crate transportation - OFFSITE DISPOSAL QUANTITY UNIT BASIS OF ESTIMATE 

Waste to be transported 

Weight Capacity of truckload 

Weight per Halfcrate 

Max Halfcrates per truckload 

Truckloads required. 

1,421 Halfcrate "Waste Containers" BOE 

22.5 Tons State/DOT Regs, Est. Vehicle net load 

38 Cu.Ft / 27 Cu F W D  X 1.62 Ton / 
Yd = 2.279 Tons soillHcrate +0.175 

2.45 Tons ton tarelcrate = 2.45 tons lHCrate 

22.5 TonsKruck / 2.45 Tons / 
9 Halfcrate: Halfcrate = 9.18 Halfcrates I Truck 

1421 HCrates/ 9 halfcrates / truck = 
158 Trucks 157.89 

Cost per truckload 4,800 Dollars Existing contract. 

Direct Cost of Transportation 758,000 Dollars 4800 X 158 =$758.400 

Total Cost of halfcrate transportation offsite $758,000 [ I 
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Total cost for rail transportation of rolloffs (98,000 
C.Y.)) 

$1 6.1 43.500 

Transportation 

$4150 X 3890 trips = $16,143,500 

Note: Two offsite transportation BOE's were prepared, one to determine the weight limit and 
one to determine the volume limit. The weight is .the governing factor. The volume calculation 
IS included here for reference only. 

DlSPOSAL I - I- " 

Rail car transportation only, based onweishf 

Amount of waste in roll offs (off-site) 

Volume of waste allowed in one roll-off (max) 

Number of Rolloffs to be transported (recycled) 
(due to Weight limit) 

Number of loaded Rolloffs per railcar 

Number of Railcar trips required, loaded 

Number of Railcar trips required, return empty 

Total Railcar trips required 

Cost per railcar trip 

98,000 c.y. 

14.8 c.y. 

6.667 

3 Rolloffs 

. 2,223 Railcars 

1,667 

3890 

$4,150 Dollars 

From 'Waste Container' BOE 

From 'Waste Container' BOE 

98,000 C.Y. I14.8 C.Y. Rolloff 

Assumption #E (Above). 

6667 rolloffs I3 per car = 2223 
railcar trips, loaded 

6667 Rolloffs I 4 per car =1667 
railcar return "empties" trips. 

2223 + 1667 = 3890 

RMRS Transportation Mgr. Pers Comm 

ROU-OFF TRANSPORTATION - OFFSITE DISPOSAL QTY UNIT BASISOFESTIMATE 
Rail car transportation only, based on volume 

Amount of waste in roll offs (off-site) 

Volume of waste allowed in one roll-off (max) 

Number of Rolloffs to be transported (recycled) 

Number of loaded Rolloffs per railcar 

Number of Railcar trips required, loaded 

Number of Railcar trips required, return empty 

Total Railcar trips required 

Cost per railcar trip 

98,000 c.y. 

20.0 c.y. 

4,900 

4 Rolloffs 

1,225 Railcars 

1,225 

2,450 

$4,1 50 Dollars 

From 'Waste Container' BOE 

From 'Waste Container' BOE 

98,000 C.Y. I20 C Y .  Rolloff 

Assumption #7 (Above). 

4900 rolloffs /4 per car = 1225 
railcar trips, loaded. NOTE : Four f i  
loaded Rolloffs exceed weight 
capacity of railcar by 25 Tons, per 
"Waste Container" BOE. 

4900 Rolloffs / 4 per car =1225 
railcar return trips 

1225 + 1225 = 2450 

RMRS Transportation Mgr. Comm. 

Total cost for rail transportation of fully loaded 
rolloffs. ( 4 rolloffs per railcar) $4150 X 2450 trips = $10.167.5( Not Achievable, 

weight restriction 
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Transportation 

Vaste Transportation to onsite storage or onsite disposal in bulk 
RAG 

rmount of waste in dump trucks 

'olume of waste allowed in one truck 

lumber of Truckloads Required 

toundtrip Distance per Truckload 

Mes traveled by Trucks 

ioundtrip Truckloadslday 

.oads per truck per day (6 Hours operating) 

'rucks required each day 

.abor, Drivers required to drive trucks 

.abor Cost to drive trucks ( Pay at 8 hrslday, work 

.t 6 hourslday) 
$ 

:uel Cost for trucks $ 

'rocurement cost of 5 16 yd end-dump trucks $ 

haintenance of Trucks $ 

100,000 c.y. 

16.0 c.y. 

6,250 Rtrips 

3 Miles 

18,750 Miles 

8.3 Round- 
trips 

2 trips 

5 Trucks 

5 Drivers 

2,550,000 Dollars 

9,375 dollars 

1,250,000 dollars 

500.000 Dollars 

Basic assumption 

Assumption #4 (above) 

100,000 C.Y. 116 C.Y. Truck 

Base assumption 

6250 Rtrips X 3 Milesnrip 

6250 Rtripsl3 years X 1 year150 
weeks X 1 weeW5 days X 1 day I 6  
hrs working = 8.3 RTripslday 

Base assumption 3 hourslRoundTrip, 
load 1 hour, travel 1 hour, unload I 
hour. (See Packaging BOE) 

8.3 RTripslday X 1 day I 2  Rtripsl 
truck = 4.15 Trucks, use 5 trucks, in( 
spares. 

Base assumption, 1 driver per truck 
per day 

$85/hr X 8 hrlday X 5 driverslday X 
5 dayslweek X 50 weekslyr X 3 
years. Cost Basis - FY 96 Work 
Package Guidance) 

18750 miles X 50 centslmile 
Assumption 

5 Trucks X $250K each, Rough 
Estimate, based on prior purchases 

Rough Estimate 

SUM of Labor, Fuel, Procurement, 
Maintenance 

-otal cost for onsite "Bulk" transportation $ 4,309,375 
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Transportation 

Amount of waste in containers 

Volume of waste allowed in one truckkontainer 

Number of Truckloads Required 

Roundtrip Distance per Truckload 

Miles traveled by Trucks 

Roundtrip Truckloadslday 

Loads per truck per day (6 Hours operating) 

Trucks required each day 

Labor, Drivers required to drive trucks 

Laboj Cost to drive trucks ( Pay at 8 hrslday. work 
at 6 hours/day) 

Fuel Cost for trucks 

procurement cost of 4 container-hauling trucks 

Maintenance of Trucks 

100.000 c.y. 

20.0 c.y. 

5,000 Rtrips 

3 Miles 

15,000 Miles 

7.0 Round- 
trips 

2 trips 

4 Trucks 

4 Drivers 

2,040,000 Dollars 

7,500 dollars 

1,000,000 dollars 

500,000 Dollars 

Basic assumption 

Assumption #5 (above) 

100,000 C.Y. 120  C.Y. Truck 

Base assumption 

5000 h i p s  X 3 Milesnrip 

5000 Rtripsl3 years X 1 year150 
weeks X 1 weeW5 days X 1 day 1 6  
hrs working =7 RTripslday 

Base assumption 3 hourslRoundTrip, 
load 1 hour, travel 1 hour, unload 1 
hour. (See Packaging BOE) 

7 RTripslday X 1 day I 2 Rtripsl 
truck = 3.5 Trucks, use 4 trucks, incl 
spares. 

Base assumption. 1 driver per truck 
per day 

$851hr X 8 hrlday X 4 driverslday X 
5 dayslweek X 50 weekslyr X 3 
years. Cost Basis - FY 96 Work 
Package Guidance) 

15000 miles X 50 centslmile 
Assumption 

4 Trucks X $250K each, Rough . 
Estimate, based on prior purchases 

Rough Estimate 

SUM of Labor, Fuel, Procurement, 
Maintenance 

rotal cost for onsite "container" transportation $ 3,547,500 
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Transportation 

Railcar Loading Equipment for Rolloffs. 0 ,  
Forklift 25 ton Capacity 20 foot lift 

Forklift operating cost @ $50lhr = 

Forklift operator and spotter- labor 

$250,000 

$225,000 

Cap Cost. Quote FOB RFETS 
3 years X 50 Weekslyear X 5 
dayslweek X 6 hourstday = 

3 years X 50 weeks year X 40 hrs 
week X $85 Hour X 2 people $1,020,000 Dollars 

Site-prep and maintenance of loading area $250,000 Dollars Rough Estimate 

Upgrade of rails (not required) 
Total of rail car loading facility equipment and 
maintenance of site. $1.745.000 dollars Sum of above costs 

-0- Assumptions #8 and 9 Above. 

SUMMARY OF TRANSPORTATION COSTS 
I 1 

$ 4,309,375 

.. 
Onsite Transportation of Conta iners to Storage 
Facility $ 3,547,500 

9ail loading facility equipment and operation $ 1,745,000 

qolloff Transportation with recycling $ 16,143,500 

rrucking of halfcrates $ 758,000 

TOTAL $ 18,646,500 
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Characterization Costs For Onsite Management and Offsite Disposal 

Assumptions 

1 ) Although there is a wide variation in potential sampling costs for various 
facilities, by making the costs identical, the playing field was leveled in terms of  
sampling and analysis. This allows the cost analysis t o  focus on other factors. 
Most  of the variatiQn between facilities can be attributed t o  the number of  different 
analyses required and analytical methods used. In reality, the sampling and analysis 
costs would be expected t o  be higher for offsite facilities and lower for an onsite 
facility. This is generally true for any offsite facility and is driven by various permit 
requirements, waste acceptance criteria, RCRA, and other factors. 

2) Laboratory analysis were estimated based on past laboratory costs. The costs 
are estimates and as such differ from any proprietary information that might be in 
current analytical contracts. For required sample methods that currently was not  
available through the Rocky Flats Sample Management Office, it was assumed that 
the required sampling methods (8000 series) would be available and the cost would 
be similar t o  similar existing methods currently in use. 

3)  It was assumed that  all of the samples would be analyzed a t  laboratories. For 
onsite management, it might be possible to  use field methods which could further 
reduce the costs. 

4) Assume that on the average, one sample would be taken for every 75  cubic 
yards to meet the waste acceptance criteria. This sampling amount was increased 
by 100% t o  cover the following: 

1 ) Quality Assurance Samples - '25% 
2) Post-treatment Sampling - 75% 

Assume that for a baseline each sample would be analyzed using the paint filter 
test, gamma spectroscopy, and TCLP for metals and volatiles. Additional 
miscellaneous analysis could include additional samples for Hydrogen Cyanide, 
Hydrogen Sulfide, Uranium Isotopic Analysis, Thorium Isotopic Analysis, Plutonium 
239/240, Gross Alpha/Beta, Proctor Testing, and others. 

5) Assume that the cost for sample containers were included in the analytical 
costs. 

6) Assume that sampling would be performed on-site by plant personnel. A 
burdened cost of $85/hour was assumed for both monitoring and sampling 
personnel. Assume tha t  sampling crews would consist of t w o  individuals w i th  full- 
t ime radiation monitoring support. 

7 Assume that most  of the sampling would be done in Level D personal protective 



equipment and that  on occasion this would be upgraded t o  Level C. 

8) Assume that  samples would be tracked through the Rocky Flats Environmental 
Database System. 

9) Assume that  transportation costs would be minimal since most  o f  the samples 
would be analyzed o n  plant site. Assume that some samples would go off-site due 
t o  capacity or analytical method. 

Cost Calculations 

Laboratorv Analvsis: 

Paint Filter Test (estimate) 
TCLP (metals) 
TCLP (organics) 
Gamma Spectroscopy 

Total Cost 
$1,400 

$100.00 
$550.00 
$550.00 
$200.00 

$1,400 

Possible Additional Sample Costs 

Any of the analytes below could be included depending on the waste acceptance 
All sample costs are estimates and have not been escalated. 

Analvsis cost 

PH 
Hydrogen Cyanide 
Hydrogen Sulfide 
Heavy Metal  Analysis* 
Hexavalent Chromium 
Volatiles (Method - CLP)" 
Semivolatiles (Polynuclear Aromatics) * * 
TCLP (Metals) 
TCLP (Organic Volatiles) 
TCLP (Semivolatiles) 
Gamma Spectroscopy 
Uranium Isotopic Analysis 
Thorium Isotopic Analysis 
Plutonium 239/240 
Gross Alpha/Beta 
Proctor Test 
Total Organic Halides (TOX) 

(CLP and Non-CLP) 

$ 15.00 
$ 65.00 
$ 50.00 
$600.00 
$ 60.00 
$340.00 
$31 0.00 
$550.00 
$550.00 
$800.00 
$200.00 
$280.00 
$240.00 
$280.00 
$180.00 
$260.00 
$1  50.00 



Pesticides and PCBs 
Herbicides 0 Petroleum Hydrocarbons 

* Substituted other methods t o  estimate cost 
* * Substituted EPA Method 61 0 for 81 00 

Labor fCost Der SamDle): 

Presampling Preparation and Sampling Forms - 

Donning Personal Protective Equipment 
Sampling 
Safety Monitoring 
Data Entry and Sample Tracking 
Sample Packaging and Shipping 
Management Oversight 

Total 

Labor Rate 

Labor Cost e 
Materials & Equipment (Not lncludina SamDle Bottles1 

Coolers and Sampling Supplies 
Protective Equipment (Level C &D) 
Monitoring Equipment and Supplies 

Equipment Total 

Transportation (on-siteloff-site) 

Total Cost Per Sample 

Number of samples: 

(1  00,000/75) x 2 = 2680 samples 

0 Total Characterization Cost 

$260.00 
$31 0.00 
$180.00 

0.75 Hours 
0.5 Hours 
1.25 Hours 
2 Hours 
0.75 Hours 
0.75 Hours 
0.25 Hours 

6.25 hours 

$85/hour 

$530 

$ 40 
$ 70 
$ 70 

$180 

$ 40 

$ 530 

$ 180 

$2,150 



2680 samples x $21 50/sample = 
(without c onti ng e n cy) 

Total Characterization Cost 
(Contingency not included) 

$5,762,000 

$5,762,000 



Treatment Costs for Off-Site Disposal 

Assumptions: 

1) Assume that only the' waste that needs t o  be treated t o  meet Land Disposal 
Restrictions will be treated and that treatment will consist of either solidification or 
thermal desorption. Assume that none of the waste needs volume reduction. 
Assume that soils tha t  do not need t o  be treated t o  meet Land Disposal Restrictions 
(LDRs), do not need any additional treatment including dewatering or drying. 

2) Cost for solidification of Solar Ponds sludge was based on Solar Ponds' 
estimates in the "Operable Unit 4 IM/IRA Decision Document". 
for Pondcrete and Sludge combined. Volumetrically, the sludge represented roughly 
half o f  the total volume so the cost estimate was approximated by taking half o f  
the total cost or $21 million. This cost is fully burdened but does not  include 
escalation. The volume of sludge at the Solar Ponds is 6,000 cubic yards. 

The estimate was 

3) Cost of solidification of soils was modified from on pondcrete treatment costs in 
the from " Pondcrete Processing Conceptual Design", Haliburton NUS Corporation, 
January 6, 1995.  
approximately 12,000 cubic yards of pondcrete. Soil solidification costs could be 
reduced by approximately $1  1.6 million if the equipment fro pondcrete processing 
can be utilized for soil solidification. 

Capital Costs are based on facility designed t o  treat 

Capital Cost $1  1,600,000 

Unit Operating Cost $5,500,000/5,600 yd3 = $980/yd3 

The total volume of remediation requiring solidification is approximately 4 1  ,100 yd3 
of which 6,000 yd3 is sludge (see attached Table 6-8) so 

42,300 yd3 - 6,000 yd3 = 36,300 yd3 of soils 

4) A cost of $1  300 per cubic yard for thermal desorption was based on the 
estimate for the remediation of the East Trenches (Trenches T-3/T-4). The volume 
requiring thermal desorption treatment is approximately 3400 yd3 (see Table B-8). 

5) Unit costs were assumed to  be all inclusive. This included all transportation, 
health and safety, documentation, oversight, etc. 

6) Costs for treatment of the liners was not included in the estimate. It was 
assumed t h a t  contamination on the liners would be less diff icult t o  remove and that 
the costs would not be high. This assumption would need t o  be revised if the 
contamination has been absorbed into the asphalt as opposed t o  removable surficial 
contamination. 



Cost Calculations 

Thermal Desorption: 

3400 cubic yards x $ 1  300/cubic yard = $4,420,000 = $ 4,420,000 

Solidification of Sludge: = $21,000,000 $ 21,000,000 

Solidification of Soils: 

Capital Cost = $ 1  1,600,000 
Operating Cost: 
36,300 cubic yards x $980/cubic yard = $35.570.000 

$47,170,000 

Total Treatment Cost 
(Contingency not included) 

$ 47.1 70.000 

$ 72,590,000 



Treatment Costs for Onsite Management 

AssumDtions: 

1 ) Assume t h a t  all of the soils removed from the trenches, IHSS 1 19.1 , some soils 
from 903  Pad and some soils removed from Original Process Waste Line Tanks T-2, 
T-3, T-9, T-1 0, T-14, T-16 and T-40 will require treatment by thermal desorption. 

Trench T-1 
Trench T-3 
Trench T-4 
Trenches T-5 through T-1 1 
Mound Area 
903 Pad (IHSS 11 2 and 140) 
Tanks T2 and T-3 
Tanks 9 & 1 0  
Tanks T-14 and T-16 
Tank T-40 

Cubic Yards 
1 0 0 0  
300 
300 

1 0 0 0  
1500 
1400  
500 
5 0 0  

3,340 
1 3 0  

Total 9,970 

2) Assume a unit cost of $1300 per cubic yard for thermal desorption was based 
on the Operable Unit 2 estimate for the remediation of the East Trenches. 

Cost Calculations: 

$1300 x 9,970= $12,960,000 

Total Treatment Cost 
(Contingency not included) 

$12,960,000 



Attachment 3 

Description of Hypothetical Cost Model for Accelerated Actions 
at the Rocky Flats Environmental Technology Site 
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Wasre Md~nageinent Eicility at the Rocky Flats Environmental Technology Site 

The purpose of the hypothetical cost inodel for accelerated actions was to compare the cost and . 

schedule impacts of the onsite waste management option versus the offsite option, given a fixed 
budget. Unit costs were developed based on actuals and the estimates described in Attachment 2 as 
follows: 

t 

Unit Cost for Onsite Waste Management (includes Excavation) 
Unit Cost for Offsite Disposal (includes Excavation) 

$ 2 , 1 2 8 1 ~ ~  
$ 3 , 4 8 2 1 ~ ~  

Unit Cost for Thennal Desorption $2,97O/cy 

Based on the above unit costs, the cost of thennal desorption used for onsite management and offsite 
disposal were calculated for each accelerated action. Ten million dollars were allocated for the first 
year, based on the actual FY96 budget. It was assumed that the budget for each following year would 
increase to $25M. All of the accelerated actions were prioritized based on risk. The cost inodel was 
set up as follows: 

1. Starting with Year 1, the cost of both thennal desorption and disposition for the highest priority 
accelerated action was allocated to that year, followed by the next highest priority accelerated 
action and so on until the $10M budget was consumed. 

2.  This was repeated again for Year 2 for a $25M budget and again for the next year until there were 
no more accelerated actions to allocate. Both the onsite and offsite options were allocated in this 
manner. 

3 .  Based on the costs allocated for each accelerated action in each fiscal year, the volume of soils 
treated with thennal desorption and the volume of soil dispositioned were detennined. 

4. These volumes were then plotted versus fiscal year as shown in Figures B-5 and B-6. 



Appendix C 

Onsite Remediation Waste Storage Facility Siting Study 
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EXECUTIVE SUMMARY 

A Remediation Waste Storage facility (RWSF) has been envisioned to store remediation waste at the 
Rocky Flats Environmental Technology Site (Site). The objectives of this siting study are to identify 
and rank criteria to be used to select a location, develop a methodology for comparative analysis of 
different locations, and select location(s) that would be suitable for a RWSF within the boundaries of 
the Site, using the identified criteria and methodology for comparative analysis. 

The location would be for a RWSF that accepts remediation wastes with low-level radioactive and/or 
hazardous constituents but would not preclude the shipment of remediation waste that could be more 
effectively and economically managed offsite. The facility would be designed and constructed to 
meet all of the applicable federal, state, and local regulatory requirements. 

Seven onsite locations were identified and carried through the location selection process. The three 
locations in the Industrial Area (IA) are the IA-West, IA-East, and the area adjacent and to the east of 
the Solar Ponds. The four locations in the buffer zone are the New Sanitary Landfill (NSL), the East 
Spray Fields (ESF), the Southeast Quadrant (SE Quad), and the Southwest Quadrant (SW Quad). 

Six categories were considered in developing the comparative analysis. These criteria include 
regulatory requirements and guidelines that have been discussed during various stakeholder meetings 
regarding a RWSF at the Site. These criteria have been placed into six general categories, and further 
divided into 35 specific subdivisions. 

The following general criteria categories were assigned a weighting factor (%) totaling 100%: 

Category 1, Corrective Action Management Unit (CAMU) Criteria - 20% 

Category 2, Public Protection (Geotechnical and Hydrological Criteria) - 20% 

Category 3, Site Special Issues - 15% 

Category 4, Cost Criteria - 15% 

Category 5, Regulatory Support - 15% 

Category 6, Other Stakeholder Concerns - 15% 
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The following locations were evaluated against the criteria and given an overall ranking between 0 
and loo%, with 100% being the most favorable location for the siting of a RWSF. 

Solar Ponds location, IA 
% 

68.3% 

IA-West location, IA 67.6% 

New Sanitary Landfill, buffer zone 67.4% 

SE Quad location, buffer zone 66.4% 

ESF location,. buffer zone 66.1 % 

SW Quad location, buffer zone 63.4% 

IA-East location, IA 62.5% 

Overall, the Solar Ponds location was ranked slightly higher than the IA-West location and the NSL as 
a place to locate a RWSF at the Site. The results of this study are detailed and summarized herein. 

Category 1, CAMU, favored the IA locations, with the designation of the location as a CAMU. The 
ability to reduce the areal extent of contamination without contaminating clean areas weighed heavily 
in favor of the IA locations. 

Category 2, Public Protection, ranked three of the buffer zone locations the highest. The primary 
concern with the locations in the IA is the elevated groundwater table. This concern is somewhat 
mitigated, however, by the fact that all viable design alternatives envisioned are above-grade facilities. 

Category 3, Site Special Issues, ranked the SE Quad location the highest, followed by the Solar 
Ponds, and ESF location. The three locations in the IA all received high ranking for the ability to . 
support the Rocky Flats Conceptual Vision (Site Vision) in terms of future land use. Nevertheless, the 
existing infrastructures lowered the overall scores in this category. There are extensive underground 
and overhead utilities encountered within most of the IA, as well as other building and waste storage 
facilities, that would have to be removed or re-routed. 

Category 4, Cost Criteria, favored the buffer zone locations. The main consideration of the 
locations within the IA is the cost associated with removing, re-routing, or replacing building and 
underground and overhead utilities in the IA. An additoinal consideration to The Solar Pond 
location is the burden of constructing a portal through.the Protected Area (PA) security fence, 
constructing a fence surrounding the location, and providing a security staff during construction and 
operation of the facility. 

Category 5, Regulatory Support, showed support clearly in favor of a location in the IA. The Solar 
Ponds location was ranked highest followed by IA-East and IA-West. 

November 4, 1996 s-2 



RF/ER-95-0105. V N ,  Rev. I 
Draft Corrective Action Management Unit 

Interim Measure/Interim Remedial Action Decision Document 
and Application Support Document 

Rocky Flats Environmental Technology Site 

Category 6, Other Concerns, ranked the IA locations the highest. The general public would 
probably be receptive to placing environmental waste in areas that already contain some 
contamination rather than siting a RWSF in an area that has no history of contamination. Also, the 
Jefferson County, Colorado Board of Commissioners stated their desire to maintain the buffer zone 
around the IA as undeveloped open space (Resolution No. CC94-654). 
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C.l OBJECTIVES 

For this project, the reduction of environmental risk is dependent on the ability to disposition and 
manage remediation waste. As part of risk reduction at the Rocky Flats Environmental Technology 
Site (the Site), it is currently projected that there is 123,000 cubic yards [cy] (95,000 cubic meters 
[m3]) of remediation waste to be excavated and appropriately managed. Approximately 9,000 cubic 
yds can be treated by thermal desorption treatment and returned to where it came from, leaving 
114,000 cy that will need to be stored and managed See Table 3-1 Waste Identification and Volumes 
for a Remediation Waste Storage Facility, in the IM/IRA Decision Document for the RWSF for a 
break down of volumes by source and waste type. This waste will come from soils excavated from 
Individual Hazardous Substance Sites (IHSSs), accelerated actions, D&D waste and investigative 
derived waste (IDM). This waste consists of media with hazardous constituents or with mixed 
hazardous/low-level radioactive constituents. The waste streams will include, but are not limited to 
(approximate percentage of waste is in parentheses): 

Debris from decontamination and decommissioning activities (57%) 

Contaminated soil and debris collected from accelerated actions and hot spots removals (30%) 

Pond sludge (9%) 

Asphaltic materials and pondcrete (less than 1 %) 

Investigation-Derived Material (IDM) from characterization (not suitable for disposal in the 
sanitary landfill) and intrusive investigation activities (less than 1 %) 

Toxic Substance Control Act (TSCA) waste such as asbestos and polychlorinated biphenyls 
(PCBs) (less than 1%) 

Treatment by-products from groundwater, surface water, and/or soil remediation actions (less than 
1 %) 

To store this remediation waste, a RWSF has been proposed to be located within the boundaries of 
the Site. This task was undertaken to identify the optimal location for the facility. The three 
objectives of this task are to: 

1. Identify and rank criteria to be used for location selection. 

2. Develop a methodology for comparative analysis of different locations. 

3 .  Select a suitable location for construction of a facility with the capacity to accommodate 
114,000 cy of environmental waste (using the identified criteria and methodology for 
comparative analysis). 
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C.2 COMPARATIVE ANALYSIS OF SITE LOCATIONS (ALTERNATIVES) 

C.2.1 SCREENING CRITERIA DEFINED 

The location must accommodate a facility that would accept (for storage) remediation waste with low- 
level radioactive andor hazardous constituents. The facility would be designed and constructed to 
substantively comply with 'all applicable federal, state, and local regulatory requirements. 

A number of categories were considered in developing the location criteria matrix. The criteria 
included requirements and guidelines that have been discussed during various stakeholder meetings 
regarding RWSF at the Site. These criteria can be placed into six major categories: (1) Corrective 
Action Management Unit (CAMU) Criteria, adherence to the key points of this category is 
fundamental if the RWSF is to designated a CAMU, (2) Public Protection, this geological and 
geotechnical criteria is being considered and would be relevant and appropriate if at some later date, 
the decision is made to close the RWSF in-place, (3) Site Special Issues, these are issues that are 
unique to RFETS that rzquire consideration in the selection of a location for a RWSF, (4) Cost 
Criteria, (5).Regulatory. Suppoi?, and (6)  Other Stakeholder Concerns which generally deals with 
community acceptance. Each of these categories is further divided into specific issues. These 
categories and specific issues are discussed in the following subsections. 

C.2.1.1 Category 1 : Corrective Action Management Unit (CAMU) Criteria 

Category 1, CAMU, focuses on the designation of the RWSF as a CAMU, per 6 CCR 1007-3, 
264.522 (c), and is a critical factor in locating the facility at the Site, with the following key points: 

1. The CAMU shall facilitate the implementation of reliable, effective, protective, and cost- 
effective remedies. 

2. Waste management activities associated with the CAMU shall not create unacceptable risks to 
humans or the environment resulting from exposures to hazardous waste or hazardous 
constituents. 

3. The CAMU shall include uncontaminated areas of the facility only if the inclusion of such 
areas for the purpose of managing remediation waste is more protective than management of 
wastes at contaminated areas of the facility. 

4. Areas within the CAMU where remediation wastes remain in place after closure of the CAMU 
shall be managed and contained to control, minimize, or eliminate future releases to the extent 
necessary to protect human health and the environment. (The above key point of the CAMU 
regulation is not applicable to this siting study because there will be no waste left in place.) 

5 .  The CAMU shall expedite the timing of remedial activity implementation, unless to do so would 
be inconsistent with 6 CCR 1007-3, 264.552(~)(1) or (c)(2). 

November 4, 1996 c-2 



e 
RF/ER-95-0105.UN, Rev. 1 

Draft Corrective Action Management Unit 
Interim MeasurdInterim Remedial Action Decision Document. 

and Application Support Document 
Rocky Flats Environmental Technology Site 

6.  The CAMU shall minimize the land area of the facility upon which remediation wastes will 
remain in place after closure of the CAMU, unless to do so would be inconsistent with 6 CCR 
1007-3, 264.522 (c)( 1) or (c)(2). (The above key point of the CAMU regulation is not 
applicable to this siting study because there will be no waste left in place.) 

7 .  The CAMU shall enable the use, when appropriate, of treatment technologies, including 
innovative technologies, to enhance the long-term effectiveness of remedial actions by reducing 
the toxicity, mobility, or volume of remedial waste. 

C.2.1.2Category 2: Public Protection (Geotechnical and Hydrological Criteria) 

Category 2, Public Protection, consists of geological, geotechnical and hydrological considerations to 
ensure the protection of the public should the decision be made in the future to close the RWSF in- 
place. These considerations are summarized below: 

1 .  The geological and hydrogeologic conditions of a location in which hazardous waste is to be 
stored should be such that reasonable assurance is provided that the wastes are isolated within the 
storage area away from pathways to the public. 

2. Geomorphic conditions either will not vary significantly from the present state or will occur to a 
predictable degree, which can be accommodated in the facility design. 

3 .  Structural-related issues include slope and geotechnical stability. 

4. 

5. 

6.  

The immediate area of the location should be in strata of minimal groundwater flow. 

Geological strata combined with engineering barriers shall provide minimum permeability. 

Siting consideration should include bedrock and surface integration including the nature and 
extent of bedrock material. 

Siting consideration should include minimal relative presence of fractures or faults. 

Consideration should be given to the relative depth to bedrock and groundwater, including 
seasonal fluctuations for groundwater. 

7 .  

8 .  

9. The Site will not impact nor be impacted by surface water. 

10. Relative distance to nearest discharge area shall include consideration of groundwater flow 
direction and travel time. 

1 1 .  The terrain is such that good drainage exists for movement of precipitation away from the 
storage area, and such that water and wind erosion will be minimal. 

C.2.1.3 Category 3: Site Special Issues 
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Category 3, Site Special Issues, supports the timely construction of a facility and integration with 
other Site programs, including the Site Vision to occur, and includes: 

1 .  

2. 

3 .  

4. 

5 .  

6..  

7 .  

8. 

Support from the proposed CAMU of the Site Vision objectives 

Impacts from existing utility, sewer, process waste, or communications lines 

Impacts from security 

Impacts from plutonium (Pu) consolidation or residue stabilization activities 

Impacts from decommissioning activities 

Impacts from current RCRA units 

Impacts from mineral rights issues or other easements 

Ability to collocate additional RWSFs in the same vicinity 
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C.2.1.4Category 4: Cost Criteria 

Category 4, Cost Criteria, presents cost considerations assigned as two separate criteria: 

1 .  Cost of engineering and construction of protective measures 

2. Cost of location preparation including building demolition, subsurface utility line removal and 
rerouting, access requirements, and power/facility requirements above the basic RWSF 

C.2.1.5 Category 5: Regulatory Support 

Category 5, Regulatory Support, focuses on using the State principles for onsite waste management of 
contaminated materials, per the February 27, 1995 letter from Tom Looby (CDPHE) to Jack McGraw 
(EPA) and Mark Silverman (DOE). The following principles have been evaluated in this study to 
ensure consistency with EPA and CDHPE desires, but because the RWSF being proposed is for 
storage, not disposal, some of these criteria may not be appropriate for siting a storage facility. 

1 .  The number of disposal locations must be minimized. “We (CDPHE) suggest one centralized 
location be chosen for consolidation of contaminated materials.” 

2. “Every effort should be made to locate a centralized disposal facility in an area of optimal 
geologic parameters preferably within or close to the Industrial Area (IA).” 

“Any disposal facility must be designed and built as a state-of-the-art disposal facility that 
meets or exceeds all permitting and regulatory requirements. This includes (but not limited to) 
siting, design, long-term protection, and performance requirements.” 

3 .  

4. “A permitted facility would provide DOE the greatest degree of future applicability and utility. 
The facility should be designated with the intent to permit under RCWCHWA.” 

5 .  “Any disposal location at RFETS should be located in areas that have limited future land use 
potential and will be controlled by DOE until the interred waste no longer presents a risk to 
human health or the environment.” 

C.2.1.6 Category 6: Other Stakeholder Concerns 

Category 6, Other Stakeholder Concerns, lists the following stakeholder concerns that have been 
factored into the analysis: 

1 .  General public perception and acceptance 

2. Municipal or County acceptance 

3 .  

4. 

Department of Energy (DOE) Orders 

National Environmental Policy Act (NEPA) 0 
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C.2.2 METHODOLOGY 

A weighting system (modified from Dawson, G. W. and Mercer, B.W., Hazardous Waste Management, 
1986) was used to develop the ranking system. 

First, a subjective weighting factor (9%) was assigned to each of the six general categories of criteria, 
totaling loo%, as shown in Table C-1, Criteria Comparison. . 

Table C- I Criteria Comparison 

Category Criteria 
Weighting 
Factor 
(XI 

1 Corrective Action Management Unit (CAMU) 20 
Criteria 

Criteria) 
2 Public Protection (Geotechnical and Hydrological 20 

3 Site Special Issues 15 

4 Cost Criteria 15 

5 Regulatory Support 15 

6 Other Stakeholder Concerns 15 

Total 100 

Second, each of the six general categories was divided into specific issues as shown in Table C-2, 
RWSF Location Criteria Detail, and each specific issue was subjectively assigned a value between 1 
and 3,. with 3 being more important criteria, and 1 being less important criteria. 

Third, each of the locations (e.g., Industrial Area-West [IA-West] and Industrial Area-East [IA-East]) 
was compared to the specific issue, as well as the relativity to one' another, and a calculated value 
between 0 and 1 was determined; 1 would be very favorable, and a value of 0 would indicate a fatal 
flaw resulting in removing that location from further consideration for a RWSF, as shown in 
Table C-2. 

This matrix form was developed showing location versus specific issues, as shown in Table C-2. This 
form was distributed to Subject Matter Experts (SMEs) for scoring. The scores were averaged, and 
average values were used to complete the ranking. If there was a major difference between SMEs, 
discussions were held to resolve those differences. 
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I I 

1 

Category 2, Public Protection - 
Geological, Geotechnical and Hydrological 
Criteria 
The geological and hydrological conditions of a 
site in which HW are to be stored should be 
such that there is reasonable assurance that 
the wastes are isolated within the storage area 
away from pathways to the public. 
Geomorphic conditions either will not vary 
significantly from the present state or will occui 
to a predictable degree which can be 

SITING CRITERIA 

accdmmodated in the facility design. 
Structure related issues to include: Slope and 
geotechnical stability 
The immediate area of the site is in strata of 
minimal groundwater flow. 
Geological strata combined with engineering 

3 

3 

2.7 0.9 2.7 0.9 

0.9 0.3 0.9 0.3 

5 

7 

8 

barriers shall provide a minimum permeability 3 2.4 0.8 2.4 0.8 
for aquifer protection. 
BedrocWsurface integration including the 
nature and extent of bedrock material. 
Minimal relative presence of fractures or faults. 
Relative depth to bedrock/groundwater 
including seasonal fluctuations for 
groundwater. 
The site will not impact nor be impacted by 
surface water. 
Relative distance to nearest dischame area to 

2 1.6 0.8 1.2 0.6 

1.2 0.6 1.2 0.6 2 

2 2.0 1 2.0 1 

11 for movement of precipitation away from the 1 1.0 1 1.0 1 
storage area. 

Public Protection 27.0 15.5 14.8 

Iast 
multi 
facto 
0-1 

- 

- 
" "  

- 

0.2 

- 
0.8 

SEQuad I SWQuad ESF - 
Point 
score 

mult 
'actc 
0- 1 - 

0.5 

- 
0.9 

- 
0.9 

0.2 
- 
- 
0.8 
- 
0.7 

0.8 

0.5 

- 
- 

- 
0.9 - 
0.2 

- 
1 

- 

'oink 
icorei 

Points 
score( 

multi 
factor 
0-1 

0.7 0.3 

0.7 1.8 

0.8 2.7 

multi 
actor 
- 0-1 

- 

0.1 

- 
0.9 

- 
0.9 

0.3 
- 
- 
0.8 
- 
0.9 - - 0.8 

0.2 

- 
0.9 - 

Point 
Score factor 

0.2 0.6 

- 

1.5 

- 
2.1 

t 
0.8 I 1.6 1.8 

- 
2.7 

0.6 
- 
- 
2.4 

1.4 

- 
2.4 

1.5 
- 
- 
2.4 

0.5 I 0.9 

0.8 I 2.4 

1.4 

1.6 

1.5 

- 
- 

2.0 

1.6 

0.3 

- 
- 

1 I 1.8 

0.5 . 0.6 

I , I I 3 1 0.9 I 0.3 I 0.6 1 0.2 

1.8 1.8 - 
1.5 0.6 

- 
1 .o 

10 (include consideration of groundwater flow I I 3 I 0.6 I 0.2 1 0.6 I 0.2 
ldirection and travel time. I I I I I I 
lThe terrain is such that good drainage exists I 

0.9 

- 
17.9 14.8 I 17.6 16.9 
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Industrial Area 
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Buffer Zone SITING CRITERIA 

IA - East Solar Ponds 
multi multi Points 
factor factor Scored o-l 0-1 

0.7 1.8 0.9 

0.7 2.1 0.7 

0.6 1.8 0.6 

0.8 1.6 0.8 

0.7 2.7 0.9 

NSL 

Points 
Scorec 

1.4 

1.8 

1.8 

1.6 

1.2 

Regulatory Support 

multi 
'actor 
0-1 

0.7 

0.6 

0.6 

0.8 

0.4 

mult Points 
facto Scored o-l 

1.2 0.6 

1.8 0.6 

1.8 0.6 

1.6 0.8 

1.2 0.4 

multi 
'actor 
o-l 

- 
0.6 

0.6 

0.6 

0.8 

0.3 

IA -West . 

mull 
facta 
0- 1 

Points 
Scored 

1.2 0.6 

1.8 0.6 

1.8 0.6 

1.6 0.8 

0.9 0.3 

- 

5 

8.6 

Category 5, Regulatory Support 
State Principles for On-Site Disposal of 
Contaminated Materials (27-February-95 lettei 
from Tom Looby to Jack McGraw and Mark 
Silverman) 

'The number of disposal sites must be 
minimized. We (CDPHE) suggest one 
centralized site be chosen for consolidation of 
contaminated materials." 
"Every effort should be made to site a 
centralized disposal facility in an area of 
optimal geologic parameters preferably within, 
or close to the IA." 
"Any disposal facility must be designed and 
built as a state of the art disposal facility that 
meets or exceeds all permitting and regulatory 
requirements. This includes siting, design, Ions 
term protection. and performance 
requirements." 

'A permitted facility would provide DOE the 
greatest degree of future applicability and 
utility. .... the facility should be designed with 
the intent to permit under RCWCHWA" 

"Any disposal site at RFETS should be located 
in areas that have limited future land use 
potential and will be controlled by DOE until 
the interred waste no longer presents a risk to 
human health or the environment." 

- 
Point5 
Scorec % 

15 

- 
1.4 

Total 
Availabl 

Points 

2 

3 

3 

2 

3 

13.0 

2.1 

- 

1.8 

Points 
Scored 

6; - 
1.6 

2.1 

1.8 

1.6 

1.5 

1.6 

- 

2.1 

- 
9.0 

mult 
facto 

o-l 

0.8 

0.7 

0.6 

0.8 

0 5  

1 10.0 I 7.8 

I ESF 

I 7.6 

SEQuad I SWQuad - 
Point: 
Score1 - 

- 
1.2 

- 
1.8 

1.8 

- 

1.6 

- 

0.9 

- 
7.3 I 7.3 
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Evaluate the seven locations (e.g., 1A-East, IA-West) against the specific issues (for location, see 
Figure 1). The evaluation of the seven locations against Category 2 was accomplished with a series of 
maps displaying geologic, geomorphology, and hydrogeologic conditions (see Figures 2 through 7). 

1. Evaluate and assign a number between 0-1 for each location on the matrix (e.g., IA-West, IA- 
East) against each specific issue with 0 being a fatal flaw that would preclude the location 
from being selected to 1 being the most favorable circumstance for that criteria (see Table C- 
2 for assigned numbers). 

2. Multiply the score assigned to the specific issue in step 1 above (0 to 1) by the value assigned 
to the specific issue (between 1 and 3). 

3. Sum the above products within each of the specific issues, as shown in Table C-2. There is a 
total of 35 specific issues illustrated in Table C-3, Criteria Issues: 

Table C-3 Criteria Issues 

Category Criteria Issues 

1 Corrective Action Management Unit 
(CAMU) Criteria 

2 Public Protection (Geotechnical and 
Hydrological Criteria) 

3 Site Special Issues 

4 Cost Criteria 

5 Regulatory Support 

6 Other Stakeholder Concerns 

Total 

5 

1 1  

a 

2 

5 

4 

35 

4. Divide the above sums by the total points and multiply by the weighting factor of that 
category, which in all cases is either 15 or 20%. The total available points assigned are 83, 
and are distributed as illustrated in Table C-4, Criteria Points. 
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Table C-4 Criteria Points 

Category Name Points 

1 Corrective Action Unit (CAMU) Criteria 13 

2 Public Protection (Geotechnical and 27 
Hydrological Criteria) 

Site Special Issues 

Cost Criteria 

Regulatory Support 

Other Stakeholder Concerns 

Total 

15 

6 

13 

9 

83 

5 .  Sum the weighting factor of the six categories for the final ranking of the location. The 
overall ranking is summarized in Table C-5, RWSF Location Criteria Summary. 

Each location was thus given an overall ranking between 0 and a loo%, with 100% being the most 
favorable location for the siting of a RWSF. 

C.2.3 SCREENING PROCESS 

A basic assumption made was that the entire Site as shown in Figure 1 would be included in the siting 
study. Category 2 includes the geologic, hydrogeologic, and geomorphologic aspects of the siting 
study. A series of maps were produced to assist in this evaluation. Additionally a map addressing 
ecology issues was included because these issues are best illustrated on a map. There are seven: 

0 Figure 1, Site Location Map, shows the location of building, roads, and the seven locations carried 
through in this evaluation. 

Figure 2, Hydrogeological Conditions, includes the depth to the water table and the area 
encompassed by 100-year flood plain. 
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SITING C r 
1 CAMU CRITERIA 

2 PUBLIC PROTECTION 

3 SITE SPECIAL ISSUES 

COST CRITERIA 
I 4 I  

5 REGULATORY SUPPORl 

OTHERSTAKEHOLDER 
CONCERNS 

TOTALI 

ITERIA 
1 

Points 

20 I 27.0 

~ 

100% 83.0 

Alternative Sites 

IA - West 

I 
Points 

67.6% 54.8 

idustrial Area 
IA - East 

11.0 74.8 

+ 
52.5% ‘le3 

Solar Ponds 

15.8 I 10.3 
11.0 74.8 I 

68.3% 55-9 

Partial 7 Points 

1.6.2 10.5 * 
57.4% 55.1 

Buffer Zone 

56.1% 54-4 I 66.4% 55.3 

SW Quad 

6.0 1 3.6 
53.4% 51.7 
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0 Figure 3, Geological and Geotechnical Conditions, includes steep, color-coded slope areas for 
slopes 15-20%, 20-30%, and greater than 30% and inferred faults traces. 

Figure 4, Structure Base of Alluvium, drawn on the base of the alluvium (top of bedrock). 

0 Figure 5 ,  Thickness of Alluvium, show the thickness of the Rocky Flats Alluvium. 

Figure 6, Ecology and NEPA, shows the location of seeps, wetlands, and Preble's Meadow 
Jumping Mouse probable habitat, a wildlife species that is being considered for listing as a species 
of concern, or a threatened and endangered species. 

0 Figure 7 Adverse Conditions (a combination of figures 2, 3, and 6 for a RWSF location) 
delineates three of the major potentially limiting criteria, the 1 00-year floodplain, steep slopes 
and the location of wetlands, seeps, and the Preble's Meadow Jumping Mouse habitat. Areas 
highlighted on this map have been removed from future consideration in this siting study because 
the presence of one or more of these aspects presents a major obstacle for locating a RWSF. 

This initial screening of the Site reduced the number of locations being addressed. Seven locations 
are being carried forward in this study, four in the buffer zone and three located within the IA of the 
Site, as shown in Figure 1. 

0 The four areas in the buffer zone are: 

The New Sanitary Landfill (NSL) 

An area near the East Spray Fields (ESF) 

An area in the Southwest Quadrant (SW Quad) of the buffer zone 

An area in the Southeast Quadrant (SE Quad) of the buffer zone 

The three areas in the IA are: 

0 An area on the west side of the Industrial Area - (IA-West) 

An area on the southeast side of the Industrial Area - (IA-East) 

An area including the Solar Ponds 207B (North, Central, and South) and the land immediately 
adjacent and to the east (IHSS 165 and IHSS 176) 

' 

These seven locations are then carried on through the study and evaluated against the six general 
criteria categories. The scored matrix of location versus criteria and the values associated with the 
different combinations are shown in Table C-2. 

@ C.2.4 ANALYSIS 

The summary of the criteria evaluation is presented in Table C-5. 

November 4, 1996 C-15 



RF/ER-95-0105.UN, Rev. I 
Draff Corrective Action Management Unit 

Interim Measure/!nterim Remedial Action Decision Document 
and Application Support Document 

Rocky Flats Environmental Technology Site 

C.2.4.1 Corrective Action Management Unit (CAMU) Criteria 

"The CAMU will facilitate the implementation of a reliable, effective, protective, and cost-effective 
remedy. " 

0 . A  reliable, effective, and protective facility can be engineered at any of the locations being 
considered. The cost-effective component of this criteria ranges significantly from location to 
location, and is partial1y.dependent on the RWSF design alternative selected. Locating any of the 
design alternatives within the IA is less cost-effective because of the infrastructure currently in 
place, such as building and buried and overhead utilities, that would have to be removed, rebuilt at 
another location, or re-routed. 

0 IA-West, IA-East, and Solar Ponds, all located within the IA, would be the less cost-effective 
options. 

0 NSL, ESF, SE Quad, and SW Quad locations located in the buffer zone would be the more cost- 
effective options. 

"Remediation waste management activities associated with CAMU cannot create unacceptable risks to 
human health or the environment from exposure to hazardous waste or hazardous constituents." 

0 the locations within the IA would have a slight advantage in terms of transporting waste. Most of 
the waste that is being targeted for the RWSF would originate in the IA, and haul distances to a 
facility in the IA would be less than to a facility outside the IA. 

"The CAMU shall include uncontaminated areas of the facility, only if including such areas for the 
purpose of managing remediation waste is more protective than management of such wastes at 
contaminated areas of the facility." 

0 NSL, SW Quad, and SE Quad locations are not in IHSSs or potential areas of concern (PAC). 
The designation of a CAMU to any of these locations would not be more protective than 
construction of the same facility within the IA on an IHSS. 

IA-West and IA-East locations are not within IHSSs or PACs; they are, however, located in the IA, 
adjacent to known contamination, or adjacent to, or within areas of, the location that have been 
subject to significant industrial uses, such as office buildings, waste storage buildings, production 
buildings, parking lots, paved roads, and buried and overhead utilities. 

The Solar Ponds and ESF are located within areas that have, in part, been designated IHSSs. The 
Solar Ponds location overlaps the Triangle Area, IHSS 165; the Contractor Storage Yard, IHSS 
176; and the Solar Ponds, IHSS 207B. Managing remediation waste in this area has the 
advantage of managing waste in a secure area and reducing the size of the overall footprint of 
contamination at the Site. 

0 The ESF location overlaps IHSSs 216.2 and 216.3; however, these IHSSs have been identified as 
having no risk associated with them and have been recommended to go to no further action. 
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“The CAMU shall expedite the timing of remedial activity implementation, unless to do so would be 
inconsistent with 6 CCR 1007-3, 264.552(c)( 1) or (c)(2).” 

The timing of remedial activity implementation is more dependent on the RWSF design 
alternative selected and the permitting process than on the location selected. This criteria is 
approximately the same for all locations being considered. 

The CAMU shall enable the use, “as appropriate, treatment technologies (including innovative 
technologies) to enhance long-term effectiveness of remedial actions at the facility by reducing the 
toxicity, mobility, or volume of wastes that will remain in place after closure.” 

0 The ability of the CAMU to use these treatment technologies, when appropriate, is more or less 
independent of the location selected and is approximately the same for all locations in the study. 

C.2.4.2 Public Protection (Geotechnical and Hydrological Criteria) 

“The geological and hydrogeologic conditions of a location in which hazardous waste is stored 
should provide reasonable assurance that the wastes are isolated within the storage area away from 
pathways to the public.” 

0 Hydraulic conductivities of foundation soil materials (Rocky Flats Alluvium) typically occur in 
the l o3  to 
c d s e c  have been measured for the underlying weathered claystone bedrock. All of the locations 
are located in recharge areas associated with the Rocky Flats Alluvium and colluvial deposits, and 
many are located near discharge areas. The depth to the Fox Hills aquifer is greater than 500 feet 
over most of the Site and this interval consists mainly of low permeability claystones with 
hydraulic conductivities in the range of lo6 to 

cdsec  range. Lower hydraulic conductivity values in the range of to 

cdsec .  

The estimates of lateral groundwater flow travel times in the underlying surficial materials from 
the proposed waste locations to their nearest discharge points are well below a 1,000 years for all 
of the locations under consideration. The calculated travel times typically range from several 
years to several decades. The presence of significant groundwater discharge points (springs and 
seeps) in hydraulically downgradient areas of the SW Quad (Antelope Springs), NSL (Lindsey 
Ranch Springs), and potentially the ESF location, tend to reduce the suitability of these locations 
because of the potential ecological impacts associated with sensitive habitats issues. The location 
least affected by short groundwater travel times is the SW Quad location because groundwater is 
assumed to flow through bedrock materials (hydraulic conductivities 
the more permeable alluvium. 

1 0-7 cdsec)  rather than 

Water losses from location operations via leaking pipes and general housekeeping practices are 
currently believed to contribute an unknown but potentially significant amount of recharge to the 
groundwater in the Site IA. It is expected that the elimination of anthropogenic recharge sources 
related to cessation of location operations and building closures under the Site Vision will result 
in a lowering of water levels in the IA similar to that observed in many IA well hydrographs 
following the termination of plant production operations in 1990. a 
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“Geomorphic conditions either will not vary significantly from the present state or will occur to a 
predictable degree which can be accommodated in the facility design.” 

, This is not a major factor in’the overall siting study; all locations have approximately the same 
geomorphic conditions with the degree of erosion occurring at a predictable rate and can be 
accommodated in the facility design. The SE Quad location is rated lower in this category 
because the protective cover of the Rocky Flats Alluvium has been removed by erosion and 
escarpment retreat. 

“Structural-related issues include slope and geotechnical stability, as shown in.  Figures 3 and 7.” 

Areas with steep slopes (slopes greater than 15%) have been eliminated from the siting study. 
There is a steep slope to the north of the Solar Ponds location; the footprint to the facility would 
be positioned, however, as far south of the slope as the design would allow and is not considered 
to be a limiting siting factor. Geotechnical stability of foundation soils is not expected to be a 
problem at any of the locations. This consideration will be addressed by a field geotechnical 
investigation performed at the selected location during the feasibility-assessment phase of the 
program. 

“The immediate area of the location should be in strata of minimal groundwater flow.” 

All of the locations have minimal groundwater flow, however, the SE Quad location is situated in 
an area considered more suitable compared to the other locations. At the SE Quad location, the 
RWSF would be built on weathered bedrock materials that have a significantly lower permeability 
than either the surrounding thin, colluvial soil veneer or Rocky Flats Alluvium. 

“Geological strata combined with engineering barriers shall provide a minimum permeability.” 

The design of the facility at any of the candidate locations would incorporate an engineered 
barrier that would provide a minimum permeability of 10.’ c d s e c  for protection of domestic or 
agriculture aquifers. Additional protection of the regionally important Laramiemox Hills aquifer 
is provided by several hundred feet of intervening, low-permeability clay stone aquitard materials 
comprising the upper Laramie and Arapahoe formations. Downward migration from the 
unconfined aquifer is thought to be nonexistent based on existing data (EG&G, 1995a). 

Siting consideration should include “bedrock and surface integration including the nature and extent 
of bedrock material.” 

0 The upper Laramie Formation is an extensive aquitard beneath all locations under consideration 
(maximum thickness beneath the Site is greater than 500 feet) and forms an effective and 
continuous low-permeability barrier to downward vertical groundwater flow. Local variations in 
shallow bedrock lithology caused by the presence of small, discontinuous bodies of subcropping 
Arapahoe formation sandstones are observed in the IA, notably at the Solar Ponds and IA-East 
loc,ations. These sandstones are capable of both vertical and lateral groundwater transport, but 
vertical flow to deeper sandstones and the Laramiemox Hills aquifer is thought to be nonexistent. 
Sites with thinly saturated alluvium and subcropping sandstones, such as those found at the Solar 
Ponds and IA-East areas, have the greatest potential for groundwater interchange between alluvial 
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and bedrock units. The sandstones from the Arapahoe and Laramie formations, however, are 
discontinuous and isolated, with fewer sandstone lens present in the lower part of the formation. 

“Siting consideration should include minimal relative presence of fractures or faults.” 
% 

0 Bedrock fracturing is potentially important in areas of thinly saturated alluvium (Solar Ponds, 
ESF, and IA-East locations), where a significant portion of alluvial groundwater may recharge the 
bedrock, or at the SE Quad location, where liner materials would be in direct contact with 
bedrock. Groundwater flow in fractured claystone bedrock is thought to be minimal because of 
limited fracture densities and small fracture apertures observed in core samples across the 
location. Fracture densities are observed to decrease with depth. 

0 The inferred bedrock faults at the Site, as shown in Figures 3 and 4, are not considered to pose a 
seismic risk (EG&G, 1995b), according to the Nuclear Regulatory Commission definition (10 
CFR Part 100, Appendix A) (NRC, 1990 and 1991), because the Rocky Flats Alluvium is not 
deformed over the intensely fractured areas of the Laramie Formation at the Site. 

Solar Ponds and IA-East. There is an inferred north-to-south-orientated bedrock fault 
through the Solar Ponds that continues south through the IA-East location (EG&G 
1995a). The inferred fault appears to be located hydraulically upgradient from the Solar 
Ponds location which would remove it as a potential groundwater pathway. The trace of 
this inferred fault also bisects the IA-East location from north to south. 

IA-West. There is an inferred northeast-to-southwest trending bedrock fault through the 
IA-West location. This fault is located hydraulically downgradient from, the IA-West 
location and represents a potential groundwater pathway to deeper sections of the 
Laramie Formation. 

ESF. There is an inferred northeast-to-southwest bedrock fault trending fault through the 
ESF location. The fault is located hydraulically upgradient from the location and 
removes it as a potential groundwater pathway. 

NSL, SE Quad, and SW Quad. There are no mapped or inferred faults in these areas. 

A preliminary evaluation of potential vertical groundwater movement along fault zones at 
the Site using environmental isotopes as hydrologic tracers has indicated that fault zones 
probably transmit little, if any, groundwater preferentially downward relative to flow in 
undisturbed, unweathered bedrock zones (memorandum to A. Primrose from R. Smith 
dated November 22, 1995). 

Consideration should be given to the “relative depth to bedrocWgroundwater, including seasonal 
fluctuations for groundwater.” 

Bedrock depths range from less than an estimated 5 feet at the SE Quad location to over 40 feet 
at the NSL, ESF, and SW Quad locations. Saturated alluvial thicknesses at the candidate locations 
vary as a function of distance from drainages, configuration of bedrock topography, and seasonal 
recharge. Generally, saturated thicknesses are greatest in the spring (April, May, and June) and 
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may fluctuate anywhere from a few feet to as much as 20 feet depending on local hydrologic and 
seasonal recharge conditions. 

0 Precipitation for the spring of 1995 has been estimated to be the greatest in a 102-year period 
based on precipitation records from Boulder, Colorado. Seasonally high water tables, in some 
cases within a foot of ground level, were measured or estimated at many of the locations in 1995. 
The locations with the deepest water tables (seasonal peaks greater than 10 feet below ground 

level) include ESF and the NSL. 

0 IA-West, IA-East, and Solar Ponds. ’As shown in Figure 2, the average water table in the IA is +/- 
10 feet from the surface (Ref.: EG&G, Hydrogeologic Characterization Report for the Rocky 
Flats Environmental Technology Site, April 1995). At the IA-West location, the minimum depth 
to groundwater (historical highs) was recorded or estimated during 1995 and ranged from 0.0 to 
8.7 feet below ground level in the six monitoring wells in and around the location. In this same 
timeframe at the Solar Ponds location, the ,depth to groundwater ranged from 1 .O to 4.8 feet. 
Well coverage at the IA-East location is less extensive compared to the other IA locations, and it is 
assumed that water-level conditions were similarly shallow based on historical water-level records 
and location-specific hydrologic conditions. 

- NSL. The concerns related to water-table depth at the NSL are less than those associated with 
the IA. The minimum depth to groundwater at the NSL location was measured at 26 feet 
(well 0190) in 1995, which makes this the most favorable location in terms of the seasonal 
fluctuation criteria. The water table typically occurs in the 30- to %foot below grade range 
under normal (nonpeak) hydrologic conditions. 

- ESF. Water level records of four wells at the ESF location indicate that the minimum depth to 
water expected in .this area is about 20 feet, with an average depth of between 25 to 30 feet. 
The alluvium at this location generally has a saturated thickness of less than 5 feet, with 
significant unsaturated areas occurring during seasonal watertable lows. 

- SE Quad. There is a paucity of water-level data in this area because of the lack of monitoring 
well coverage. The majority of the surficial deposits in this area most likely exist in a largely 
unsaturated condition. A shallow water table in the underlying weathered bedrock material, 
however, may exist and cannot be ruled out without more information. 

- .  SW’ Quad. Depth to groundwater at the SW Quad location is 0 to 20 feet with a saturated 
thickness of between 30 and 40 feet. Groundwater in this area becomes more shallow in an 
eastward direction toward Antelope Springs, as indicated by monitoring well data. The 
minimum water-table depth in areas west of Antelope Springs is estimated to be less than 5 
feet. 

“The site will not impact nor be impacted by surface water.” 

0 None of the locations are located in areas that will be impacted by surface water. The locations 
are not expected to have a significant impact on surface water, although slight reductions in flow 
at nearby springs and seeps may be experienced because of a loss of recharge area. This 
situation might exist at the SW Quad, NSL, and ESF locations where free-flowing springs 
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contribute directly to stream flow. 

“Relative distance to the nearest discharge area should include consideration of groundwater flow 
direction and travel time.” 

. The relative distance to the nearest discharge areas is relatively short for most of the locations 
being considered. 

- IA-West and IA-East. These locations lie astride the subsurface drainage divide between the 
ephemeral Woman and Walnut Creeks. The nearest point of discharge are the seeps that are 
expressed near the base of the alluvium on the south-facing slopes of the Woman Creek 
Drainage. These wetlands areas are approximately 250 feet south of the IA-West location. 
Groundwater flow from the IA-East location south of the drainage divide would flow toward 
Woman Creek but is captured by the French Drain along the 881 Hillside. 

- Solar Ponds. This location lies astride the subsurface drainage divide between the North and 
South Walnut Creeks. The Interceptor Trench System (ITS) adjacent to, and north of, the 
Solar Ponds captures part of the groundwater flow to the north. The flow to the north not 
captured by ITS moves toward South Walnut Creek and eventually enters the grou,ndwater 
system associated with this drainage. The nearest point of discharge to South Walnut Creek is 
approximately 250 feet south of the Solar Ponds location. 

- NSL. This location lies astride the subsurface drainage divide between the ephemeral Rock e 
Creek to the north and North Walnut Creek to the south. Surface expressions ‘of groundwater 
in the forms of seeps are evident along the base of the alluvium in the Rock Creek Drainage 
about 1500 feet to the northeast. On the south side of the drainage divide-the nearest 
discharge to surface water would be about 500 feet south to the upper reaches of North 
Walnut Creek. 

r 

- ESF. This location lies on the subsurface drainage divide between Woman and Walnut 
Creeks. The part of this candidate area that lies on the Woman Creek side of the watershed is 
unsaturated, which would indicate that groundwater from this location in all likelihood does 
not flow into Woman Creek. The part of the location on the Walnut Creek side of the 
location discharges into a series of seeps located 200 to 1000 feet north of the location 
(depending on the location of the facility) at the base of the alluvium that discharges through 
surface flow into Walnut Creek. 

- SW Quad. The groundwater direction of flow from this location is to the northeast and 
discharges into Antelope Springs, which is adjacent to the location. The location is within the 
Woman Creek drainage basin. 

- SE Quad. This candidate is located on the north side of the Woman Creek drainage. 
Subsurface data are sparse in this area, but the area is not located on the Rocky Flats 
Alluvium. The surficial geology of this location is weathered claystones, siltstones, and 
sandstones of the Arapahoe and the underlying Laramie Formations (EG&G, 1995a). The 
location potentially has no saturated unconsolidated surficial. deposits. 
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“The terrain is such that good drainage exists for movement of precipitation away from the storage 
area, and such that water and wind erosion will be minimal.” 

This criteria is essentially the same for all locations, either good drainage already exists or a 
drainage system can be engineered to accommodate the needs of this requirement. The SW Quad 
has a slightly poorer drainage system than the other locations. 

C.2.4.3Site Special Issues 

The ability of the location to support the Site Vision objectives: Under the Site Vision, all nuclear 
materials will be removed from the Site and the DOE will remediate the Site in a manner consistent with 
reasonably foreseeable future projected land (see Figure 8, Conceptual Site Land Uses) and water uses. 

The reasonably foreseeable future land use of the buffer zone varies from unrestricted to 
restricted open space, whereas the IA is projected as either an industrial use area or as a capped 
area. 

- Solar Ponds would be an ideal candidate to support the Site Vision because of the future 
land use of the IA and its location within the footprint of the capped area. 

- IA-East and IA-West could, with extensive modification to the footprint of the capped 
area, support the RFCA. The IA-West location is in a noncontaminated area in the IA. 

- The candidate locations, NSL, ESF, SW Quad, and SE Quad, do not support the Site 
Vision because utilization of these locations would involve placing contamination in 
previously uncontaminated areas. 

Impacts from existing utility, sewer, process waste, or communications line: 

- IA-West, IA-East, and Solar Ponds. The three locations within the IA all have significant 
amounts of utility lines, sewer lines, and other infrastructure, either buried or above 
ground, that would require removal or replacement. (listed in Table C-6, “In-place 
Infrastructure”). Impacts would also include demolition of buildings within the 
footprint, storage of RCRA waste currently located in buildings at these locations (IA-East 
and the Solar Ponds), and construction of a portal and security fence for the Solar Ponds 
location. The order-of-magnitude costs generated for the preparation of a location are in 
Table C-7. 
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Table C-6 In-place Infrastructure 
Location Area Infrastructure 
New Sanitatv Landfill Underaround TeleDhone main 

Electrical - 208V 
Water Line - 3 0  (abandoned) 

Live Firina Ranae - Ranae Fan Area 
Overhead Electrical Utilities - 208V 
Miscellaneous 
Buildinas None 

Solar Ponds Underaround Process Waste Lines - 3 and 8 
Raw Water Lines - 4." 6 and 8 
Domestic Cold Water - 4" 
Sewer Lines - 4". 8" and 12" 
Process Drains - 3". 6 and 8 
Water Valves 
Culverts 
TeleDhone Lines 

Helicooter Deterrent 
Power Poles 
228A, 2288, 910, 928, 964, 965, 967, and 990 
Electrical Utilities - 480V and 13.8kV 
Water PiDelines - 3 . 6 .  and 1 0  
Steam - 6 and 8 
Gas Lines - 3 
Sewer Lines - 4" and 1 2  
TeleDhone Lines 
Foundation Drains 
Tunnel 
Culverts 
Alarms and Data Svstems 
Storm Drains 
Vaults 

Overhead Electrical - 2400V and 13.8kV 
Alarms 
Steam and Condensate 
Natural Gas 
T886B, T886C, T893B, 902 Tent, 906, and 
ER Contractor Yard 
Electrical Utilities - 15V, 1 lOV, 120V, 120/240V, 
277V. 2400V. and 13.8kV 
Domestic Cold Water PiDelines - 4 .  6 .  and 1 2 0  
Raw Water PiDelines - 2 . 4 .  and 1 2  
Water Valves 
Culverts - 12 .  18.  and 2 0  
Alarms - 1". 2 and 4" 
Sewer Lines - 4" and 8 
Catch Basins 
Storm Drains - 15" 
Scanner 

Overhead Electrical Utilities - 11 OV. 440V. 480V and 2400kV 

Buildings'') 
Underaround 

Buildings 

Underground 

Overhead Electrical - 480V. 2400V. 13.8kV and Parkina 
Buildinas T124A 

(1) Only Building 964 will need to be removed if any design alternative other than the Abovegrade Landfill 0 is the preferred alternative. 
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Table C-7 Order-of-Magnitude Costs for Site Preparation 

Location Construction Cost 

IA-East $14,800,000 

Solar Pond $1 1,900,000 

IA-West $2,200,000 

NSL $1 00,000 

- Costs were not generated for the ESF, SW Quad, or the SE Quad locations. The 
preparation for these areas would fall between the costs of the IA-West and NSL. 

Impacts from security: 

- Security impacts would be approximately the same for all locations, except for the Solar 
Ponds. That area would need an access portal to allow for construction materials and 
workers to enter the PA, a perimeter fence to isolate the discharge to surface water would 
be about 500 feet south to the upper reaches of RWSF during both construction and 
postconstruction activities, and a security staff during construction activities. The cost of 
the portal, fence, and security staff has been calculated as part of the preparation cost. 

, 
Impacts from Pu consolidation or residue stabilization activities: 

- Impacts from Pu consolidation or residue stabilization activities are not a factor for the 
siting of a RWSF. 

Impacts from deactivation and decontamination (D&D) activities: 

- IA-West. Building T124A is located within the footprint and staging area (22 acres) of 
the abovegrade RWSF landfill and would require demolition if this design option was 
selected. This building is.currently scheduled for removal in fiscal year 2000, but that 
could easily be accelerated if the location were selected. The other design alternatives for 
this location all have smaller footprint and staging areas (approximately 10 to 12 acres) 
and would not require demolition of this building. 

- IA-East. There are several buildings and a contractor yard that would be impacted from 
siting the RWSF at IA-East. Building 906, the centralized waste storage facility, is the 
newest building at the Site and was specifically built for waste storage. The 
decommissioning of this facility has not been scheduled, and the current working 
assumption is that it will remain, at least, for the near term. The 902 Pad facility is a tent 
and the possibility exists to move it to another location without losing storage capacity. 
The contractor yard has a number of trailers and government- and contractor-owned 
stored equipment. The decommissioning of this area has not yet been scheduled and the 
working assumption is that it would remain open beyond 2003. 
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- Solar Ponds. Building 964 is located within the footprint of all of the RWSF alternatives. 
It is a sheet metal building used as a RCRA storage facility. Demolition of the structure is 
straight forward and could be completed in 90 days assuming additional waste storage 
capacity becomes available. If the above-grade landfill alternative is selected the footprint 
would be larger and also require the demolition of Buildings 228A3, 228B, 928, 965; 910, 
and 990. 

- NSL, ESF, SW Quad, and SE Quad. There are no buildings associated with these 
candidate’s locations. 

0 Impacts from current RCRA units: 

- IA-East. Building 906, the centralized waste storage facility, is a RCRA storage facility 
The decommissioning of this facility has not been scheduled, and the current working 
assumption is that it will remain until no longer required. 

- Solar Ponds. Building 964 is a RCRA storage facility located within the footprint of the 
RWSF. Alternative storage capacity would have to be created before demolition of this 
structure. 

- IA-West, NSL, ESF, SW Quad, and SE Quad. There are no RCRA storage units located at 
these candidate locations. 

0 Impacts from mineral rights issues or other easements: 

- All mineral rights at the Site are either privately held, or, as with the NSL location, it is 
both privately and governmentally held (see Figure 9, Mineral Ownership). Alluvial 
thicknesses greater than 40 feet are potentially economic for the gravel resources. 

- NSL and SW Quad. Both locations have alluvial thicknesses greater than 40 feet. 

- IA-West. Alluvial thicknesses are 25 to 40 feet thick and do not constitute an economic 
resource. 

ESF. Alluvial thicknesses are 10-30 feet thick and do not constitute an economic 
resource. 

- 

- IA-East and Solar Ponds. Alluvial thicknesses are +/-lo feet thick and do not constitute 
an economic resource. 

- SE Quad. Located off the Rocky Flats Alluvium, there are no gravel deposits at this 
location. 

Ability to collocate additional RWSFs in the same vicinity: 

- IA-West, NSL, ESF, SW Quad, and SE Quad. All have adequate space to location 
additional RWSF cells if needed. 
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- Solar Ponds. The footprint shown can accommodate approximately 300,000 cy. 

- The area around IA-East is restricted, with the 800 complex to the west, steep slopes to the 
south, and &e security fence surrounding the PA to the north. Room for expansion 
would potentially be available to the east. 

C.2.4.4 Cost Criteria 

0 The cost of engineering and construction of protective measures: 

- The cost of engineering and construction varies with the RWSF alternative selected. The 
cost of construction at the Solar Ponds would be greater than at other locations because of 
the additional requirements imposed by having to construct a materials and worker portal 
through the security fence into the PA, and the additional security that would be required. 

0 Cost of preparation of the location including building demolition, subsurface line removal and 
rerouting, access requirements and power/facility requirements above the basic RWSF: 

- The cost of preparation varies by location. The cost of preparation at the NSL location is 
approximately of $100,000. The preparation for the NSL location already under 
construction has mitigated the costs that would otherwise be associated with a RWSF at this 
location. 

- ESF, SW Quad, and SE Quad would require construction or upgrades to the roads leading 
to the locations; costs are estimated to be more than the NSL location ($100,000) but less 
than the costs of the IA-West location ($2.2 to $2.8 million). 

- The locations within the IA, IA-West, IA-East, and Solar Ponds have considerable costs 
associated with preparation including building demolitions, subsurface line removal and 
rerouting access requirements. Costs for preparation range from approximately $2.2 to 
$2.8 million for IA-West, $6.1 to $14.5 million for the.Solar Ponds, and $15.2 to $18.1 
million for IA-East. 

, 

C.2.4.5 Regulatory Suppori 

“The number of disposal sites must be minimized. We (CDPHE) suggest one centralized site be 
chosen for consolidation of contaminated materials.” The following concepts have been evaluated in 
this study to ensure consistency with EPA and CDHPE desires, but because the RWSF being proposed 
is for storage, not disposal, some of these criteria may not be appropriate for siting a storage 
facility. 

Locating the RWSE; at the Solar Ponds location minimizes the number of locations by locating 
the facility in an area that coincides with, and would ultimately be incorporated into, the larger 
cap, and is a component of the Site Vision. The IA-West and the IA-East locations could, with 
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major revisions, support the Site Vision. 

0 The NSL, ESF, SE Quad, and the SW Quad locations would increase the overall areal extent of 
contamination by their location that is further away from the IA. The IA is where the bulk of the 
environmental waste at the Site is located. 

“Every effort should be made to site a centralized disposal facility in an area of optimal.geo1ogic 
parameters preferably within or close to the Industrial Area (IA).” 

0 Optimal geological parameters at the Site reside in the locations outside of the IA. The NSL, ESF, 
and the SE Quad are preferred locations from an optimal geologic standpoint relative to the IA. 
However, all three locations are at a distance from the IA; the NSL is 2,000 feet northwest; ESF is 
4,000 feet to the east; and the ‘SE Quad is approximately 6,000 feet to the southeast of the PA. 

Optimal geological parameters do not exist within the IA, as discussed in Section 2.4.1, IA-West, 
IA-East, and the So!ar Ponds are all within the IA. 

“Any disposal facility must be designed and built as a state-of-the-art disposal facility that meets or 
exceeds all permitting and regulatory requirements. This includes (but not limited to) siting, design, 
long-term protection, and performance requirements.” 

0 The alternatives considered will be built as a state-of-the-art storage facility and will meet or 
exceed all permitting and regulatory requirements. This criteria is the same for all locations 
being considered. 

“A permitted facility would provide DOE the greatest degree of future applicability and utility. The 
facility should be designated with the intent to permit under RCRNCHWA.” 

This criteria is the same for all locations being considered. 

C.2.4.6 Other Stakeholder Concerns 

General public perception and acceptance: 

- For onsite management of remediation waste, the locations within the IA, IA-West, IA-East 
and the Solar Ponds would in all likelihood be more readily acceptable to the general 
public than storage in the buffer zone. The locations in the IA reduce the footprint of 
contamination at the Site, and other than offsite disposal, storage of the environmental 
waste in the IA may well be the most acceptable alternative to the general public. Also, 
the Interim Measurehterim Remedial Action ( M R A )  for closure in place of Solar 
Ponds has already been accepted by the public. 

Municipal or County acceptance: 

- The Jefferson County, Colorado Board of Commissioners Resolution No. CC94-654 
states, “maintaining, in perpetuity, the undeveloped buffer zone of open space around 
Rocky Flats is a critically important environmental, safety, and health constraint which 
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must be required as part of any and all alternatives actions proposed by the Department 
of Energy.” The three locations within the IA, IA-West, IA-East and the Solar Ponds 
would support this resolution. 

- NSL, ESF, SW Quad, and SE Quad locations are located within the buffer zone and as 
such, constructing a RWSF at any of these locations would be counter to the desires of 
Jefferson County. 

DOE Orders: 

- The same DOE orders would apply equally to all locations. 

0 NEPA: 

- NEPA issues would be addressed equally for all locations. 

C.2.5 RESULTS FOR SELECTED LOCATIONS 

The results of the above analysis are summarized in Table C-5. Overall, the Solar Ponds (68.3%) was 
ranked slightly higher then the IA-West (67.6%) location, and the NSL (67.4%) as a location for a 
RWSF at the Site. 

In Category 1, CAMU, the ability to designate the location as a CAMU was in favor of the IA 
locations, in order: Solar Ponds; IA-East; and IA-West. The capacity to reduce the areal extent of 
contamination and not contaminate clean areas weighed heavily in favor of the IA locations. No fatal 
flaws were associated with this category at any of the seven locations carried through the evaluation. 

0 

In Category 2, Public Protection (Geotechnical and Hydrological Criteria), three of the buffer zone 
locations were ranked highest, in order: SE Quad; NSL; and ESF. The primary concern with the 
locations in the IA, (Solar Ponds, IA-West, and IA-East) is the elevated groundwater table; the 
concerns are somewhat mitigated, however, through the use of an above-grade design. No fatal flaws 
were associated with this category at any of the seven locations carried through the evaluation. 

In Category 3, Site Special Issues, the SE Quad was evaluated as the highest, followed by Solar Ponds, 
and ESF locations. The three locations in the IA, IA-West, IA-East, and the Solar Ponds all received 
high ranking for the ability to support the Site Vision. However, the impacts of having to address 
issues with the existing infrastructure lowered the overall scores for the IA locations in this category. 
No fatal flaws were associated with this category at any of the seven locations carried through the 
evaluation. 

In Category 4, Cost Criteria, the locations in the buffer zone are favored. All four buffer zone 
locations received higher ranking than the locations in the IA. The major factors were the costs 
associated with removing, rerouting, or replacing buildings and underground and overhead utilities in 
the IA. The Solar Ponds has the additional burden of having to construct a portal through the PA 
security fence, constructing a fence surrounding the location, and having a security staff available 
during construction and operation of the facility. 

. 
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In Category 5, Regulatory Support, the support is clearly in favor of a location in the IA. The Solar 
Ponds location was ranked highest followed by IA-East and IA-West. 

In Category 6, Other Stakeholder Concerns, the three locations within the IA, Solar Ponds, IA-East, 
and IA-West respectively, ranked the highest. The general public would likely be more receptive to 
placing remediation waste in areas that already contain some contamination rather than siting a RWSF 
at a location that has no history of contamination. The Jefferson County, Colorado Board of 
Commissioners, state their position in Resolution No. CC94-654 as “Maintaining in Perpetuity, the 
undeveloped buffer zone of ‘Open Space’ around Rocky Flats is a critically important environmental 
safety and health constrain which must be required as part on any and all alternative action proposed 
by the Department of Energy.” 
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D.l SCREENING CRITERIA 

IM/IRA Selection Criteria 

The criteria used in the Onsite Remediation Waste Storage Facility Siting Study and the Draft Evaluation 
of Onsite Versus Offsite Remediation Waste Management Options is presented in Table D- 1. 

Siting 
Criteria 

TABLE D-I ................... SCREENING CRITERIA FOR I M A M  REMEDIATION WASTE STORAGE FACILITY 

(1 .I) The CAMU shall facilitate the implementation of reliable, effective, protective, and 

(1.2) Waste management activities associated with the CAMU shall not create 

cost effective remedies. 

unacceptable risks to humans or to the environment resulting from exposures to 
hazardous waste or hazardous waste constituents. 

X 

X 

. . 

Design 
Criteria 

(1.3) The CAMU shall include uncontaminated areas of the facility, only if including 
such areas for the purposes of managing remediation waste is more protective than 
management of such wastes at contaminated areas of the facility. 

of the CAMU, shall be managed and contained so as to control, minimize, or eliminate 
future releases to the extent necessary to protect human health and the environment. 

to do so would be inconsistent with 264.552 (c)(l) or (c)(2). 

(including innovative techs.) to enhance long term effectiveness of remedial actions by 
reducing the toxicity, mobility or voiume of remediation waste that will remain in place 

(1.4) Areas within that CAMU, where remediation wastes remain in place after closure 

( I  .5) The CAMU shall expedite the timing of remedial activity implementation, unless 

(1.6) The CAMU shall enable the use, when appropriate of treatment technologies 

X 

X 

X X 

X X 

X 

X 

after closure. 

(2.1) The geol. and hydro. conditions of a site in which HW are to be disposed shall be 

(2.2) Geomorphic conditions either will not vary significantly from the present state or 

(2.3) Structure related issues to include: Slope and geotechnical stability 
(2.4) The immediate area of the site is in strata of minimal groundwater flow. 
(2.5) ...g eological strata combined with engineering barriers shall provide a minimum 

(2.6) BedrocWsurface integration including the nature and extent of bedrock material. 

such that reasonable assurance is provided that such wastes are isolated within the 
designated disposal area ... away from ...p athways (to public) for 1000 yrs. 

will occur to a predictable degree which can be accommodated in the facility design. 

permeability of 10-7 cm/sec or equivalent ... domestic or agr. aquifer protection. 

X X 

X 

X X 
X 
X X 

X 
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Table D-1 (continued) 

IMlIRA Selection Criteria 

(3.6) Impacts from D& D activities. 
(3.7) Impacts from current RCRA storage or other active RCRA units. 
(3.8) Impacts from mineral rights issues or other easements. 
(3.9) Ability to collcate additional waste management cells in the same vicinity. 

(2.7) Minimal relative presence of fractures or faults. 
(2.8) Relative depth to bedrocklgroundwater including seasonal fluctuations for 
groundwater. 

(2.9) The juxtaposition of the site and any free flowing or standing natural surface 
waters shall be such that disposal location will not impact nor be impacted by surface 
water. 

(2.10) Relative distance to nearest discharge area to include consideration of 
groundwater flow direction and travel time. 

(2.1 1) The terrain is such that good drainage exists for movement of precipitation away 
from the disposal area, and such that water and wind erosion will be minimal. 

X 
X 
X 
X 

(2.1 2) The geochemical characteristics of the geological strata are compatible with the 
waste categories proposed to be disposed ...p rovide high adsorption, 
absorption ... fixation of any wastes that may migrate ... 

3. SITE SPECIAL ISSUES - Ability of the candidate site to provide a "footprint" that allows 
timely construction of a facility to occur. (schedule criteria) 

(3.1) Ability of the site to support the Site Vision and RFCA objectives. 
. (3.2) Impacts from existing utility, sewer, process waste, or communications lines. 

(3.3) Impacts from security. 

(4.1) Cost of construction, includes Construction, Preconstruction, and Design Costs 

Criteria Criteria 

X 

X I  

(4.2) Cost of site preparation including building demolition, subsurface line removal an 
re-routing, access requirements, and powerlfacility requirements above basic cell 
Functional & Operational Requirements. 

X 

(4.3) Cost of interim closure and monitoring after interim closure 

(4.4) Total Life-Cycle Cost 
. REGULATORY SUPPORT - State Principles for On-Site Disposal of Contaminated 
laterials (27-February-95 letter from Tom Looby to Jack McGraw and Mark Silverman) 

(5.1 1 The number of disposal sites must be minimized. We (Colorado Department of I X I  
Public Health and the Environment) suggest one centralized site be chosen for 
consolidation of contaminated materials. 
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(5.2) Every effort should be made to site a centralized disposal facility in an area of 

(5.3) Any disposal facility must be designed and built as a state of the art disposal 

optimal geologic parameters preferably within, or close to the IA. 

facility that meets or exceeds all permitting and regulatory reqmts. This includes (but not 
limited to) siting, design, long term protection, and performance reqmts. 

X 

X X 

The stakeholder concerns criteria addresses impacts to parties affected by decisions at the Site and to the Site 
and the surrounding community, as follows: . .  

(5.4) A permitted facility would provide DOE the greatest degree of future applicability 
and utility. .... the facility should be designed with the intent to permit under 
RCWCHWA.. . 

limited .... levels as yet undetermined ... 

land use potential and will be controlled by DOE until the interred waste no longer 
presents a risk to human health or the environment. 

(5.5) Levels of radioactive contamination in any materials disposed on-site will be 

(5.6) Any disposal site at the Site should be located in areas that have limited future 

6.1) 

6.2) 

6.3) 

6.4) 

6.5) 

X X 
I 

X 

X 

General Public PerceptiodAcceptance - The public sentiment including the general public and 
concerned local communities is evaluated as an alternative. 

Municipal and County Acceptance - The viewpoints of local government including Jefferson 
County and local municipal governments are reflected in this criteria. 

DOE Orders - This criteria has the ability to meet the requirements of DOE orders, particularly 
orders that protect the safety of workers, the public, and the environment. 

NEPA - This criteria contains NEPA compliance requirements including environmental impacts, 
socioeconomic impacts, and impacts to archeological, cultural, and historical locations. 

Air Impacts - This criteria includes impacts to air quality-onsite, offsite and regionally, as well 
as air pollution prevention or mitigative measures. 
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6.6) 

6.7) 

6.8) 

6.9) 

6.10) 

6.1 1) 

6.12) 

6.13) 

Compliance to Performance Regulations - This criterion was used to evaluate the ability of any 
given alternative to meet existing and potential state and Federal performance requirements. 
This did not include any performance requirements specific to the cleanup of Individual 
Hazardous Substance Sites that are independent of any given alternative. 

Long-Term Liability and Effectiveness - This criterion was employed to evaluate the ability to 
safely isolate, contain, and manage remediation waste with the passage of time. It also 
addressed the issues of long-term liability, particularly for alternatives whose ability to safely 
manage materials could be subject to change in the future. 

Ability to Accept Waste - This criterion was utilized to evaluate the ability of an alternative to 
accept waste volumes and different types of waste that will result from environmental restoration 
activities. This included, at a minimum, the ability of various options to accept remediation 
waste at the same rate that it is generated and to have the overall capacity to be a viable solution 
for at least near-term activities. 

Demonstrated PerformanceAJseful Life - This criterion was used to address the permanence of a 
selected alternative as well as whether the alternative is known through experience to be viable. 

Construction and Operation - This criterion was used to evaluate a number of factors such as 
whether monitoring is feasible during operations and after closure, whether environmental and 
geological features would circumvent construction or the overall constructability, and whether 
transportation of remediation waste is feasible. 

Schedule Requirements - This criterion was used to directly support 'one of the main objectives 
of this IM/IRA-can the alternative be ready to accept remediation waste and be fully 
operational when needed in the future. 

Availability of Technology - This criterion was employed to evaluate whether the technologies 
exist and have been developed to the point where they would be available. This was primarily 
directed at design considerations; however, the availability of monitoring, transportation, 
handling, and safety technologies was also part of this consideration. 

Availability of Services and Materials - This was an evaluation of the availability of construction 
materials, equipment, analytical support, construction labor, and support personnel over the 
entire life of any given alternative. 
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D.2 COMPARISON OF ALTERNATIVES CRITERIA 

The final comparison of alternatives used the seven criteria (plus two additional criteria) defined in 40 
CFR Part 300.430, that are summarized, as follows: 

1) Protection of Public Health and the Environment - This criterion was used to evaluate the 
alternative's impacts to ground water, surface water, drainage pattern impact, soil, air, plants and animals 
for the life-cycle of the IWRA. Emphasis is placed on the ability of the alternative to control migration 
and leachability of contaminants and impact of any construction. 

Impacts on erosion rate and loss of top soil were also examined including their offsite effects of erosion 
and wind blown soil. Alternatives were evaluated as to whether there were temporary or short-term 
changes to the soil and the erosion rate or whether these changes had lasting long-term impacts. The 
ability of & alternative to minimize andor mitigate these erosional effects through erosion control or 
replacement of the topsoil was evaluated. 

- 

Each alternative was analyzed for biological impacts, direct and indirect impacts on critical habitat, 
wetlands, and vegetation. Analyzing biological effects included the cumulative effects of regionally 
important species, endangered species, and biodiversity. It also included the irreversible effects of 
permanent loss of habitat and permanent loss of species. The ability to restore biological habitat and 
wetlands or reduce the impact by the timing of the action was also evaluated. 

Impact to air quality onsite, offsite, and regionally; and pollution prevention or mitigative measures were 
also considered. 

The impact of the alternative on the safety of the surrounding community is evaluated. This includes not 
only disposal and storage of remediation waste but also the impact of transportation of remediation 
waste. Direct effects on water quality and water consumption are an important part of this criteria as 
well as airborne materials that could potentially impact public health. 

2) Worker Safety - The health and safety of workers is evaluated. This includes all phases of the 
alternative from construction to all handling and operation to closure and surveillance. 

3) Transportation - This includes all forms of transport associated with an alternative from any 
shipment of waste to the impacts that an alternative might have on existing traffic systems. 
Transportation had to be examined out of state also since the all of alternatives involve offsite shipment 
at some time.. 

4) Facility Design, Containment and,Monitoring - This criterion was used to evaluate the design of 
each alternative in terms of implementability, efficiency safety, availability, and protectiveness. The 
ability of each alternative to effectively contain contaminants and the ability verify that containment 
through monitoring was also evaluated: 

5) Institutional Controls - This criterion was used to evaluate institutional controls which limit human 
activities at or near the facility, protect health and environment, and assure continued effectiveness of the 
alternative. a 
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6) Cost - The total cost of each alternative was evaluated, as were individual costs for design, site 
preparation, construction, operations, interim closure, and interim closure monitoring. 

7) Community Acceptance - This criterion was used to evaluate the public sentiment concerning an 
alternative. It includes the general public as well as concerned local communities. This is a modifying 
criterion that will address public comments as part of the review 

8) Short-Term Effectiveness - This is a gauge of the alternative's capability to support upcoming risk 
reduction efforts at the Site. These efforts are primarily early actions which could include hot-spot 
removal, tank removals, additional solar pond remediation, and PCB location remediation. 

9) Long-Term Effectiveness and Permanence - This criterion was used to evaluate the ability to safely 
isolate, contain, and manage remediation waste with the passage of time. It also addressed the issues of 
long-term liability, particularly for alternatives whose ability to safely manage materials could be subject 
to change in the future. 
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RF/ER-95-0105. UN, Rev. I 
Draft Corrective Action Management Unit 

Interim Measure/lntenm Remedial Action Decision Document 
and Application Support Document 

Rocky Flats Environmental Technology Site 

REMEDIATION WASTE STORAGE FACILITY (RWSF) DESIGN 
ALTERNATIVES 

The alternative facility designs were all based on the need to accommodate 100,000 cubic yards (cy), 
with the ability to expand to 400,000 yd3 if required, for Low Level Mixed Waste (LLMW), Low 
Level (LL), or Hazardous Wastes (HW) in a storage facility. None of the designs considered were 
tailored to a specific location on WETS site. In general, bulk waste placement requires the smallest 
land area when compared to containerized waste placement. 

Attributes common to alternative designs: 

e 

100,000 to 400,000 cy waste capacity if required for retrievable, monitored, storage. 

Each design considered would place the waste above the present grade. 

Each design was considered to be capable of waste retrieval, although the ease (and cost) of 
retrievability varied significantly among the designs. 

Conceptual design sketches (Figures) and cost estimates (Tables) follow the description of 
each design. 

Any leachate collected would be treated at another facility, and was not costed here. 

Groundwater Monitoring wells would be installed both up gradient and down gradient of the 
facility and operated from start of construction through the end of post closure monitoring. 

Costs were escalated to reflect estimated actuals at the time of expenditure , based on DOE 
guidance documented in WETS 1996 Budget Call Manual. 

Construction periods were assumed to be of one year duration for all alternatives. 

Operations costs were defined as those activities directly related to placement of (prepared) 
waste into each alternative facility. 

Treatment and handling systems are not expected to produce emissions sufficient to require 
additional permitting. Air monitoring will be conducted vial the existing Site monitoring 
system. Any additional air monitoring required for worker Health and Safety consideration 
will be monitored by the appropriate oversight organizations. 
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AboveGrade Storage Cell 

This RWSF is designed such that clean dirt (fill) would be used to construct the sides of the cell so 
that the entire facility would be above the present grade. The design is similar to a standard Subtitle 
"C" landfill in use throughout the United States. The whole cell is placed at a higher elevation to 
allow greater vertical separation between the bottom of the cell and the water table. The conceptual 
design cost estimate assumed that the remediation waste would be placed in the cell without 
containers (in bulk, compacted in place), however, some existing containerized waste could be 
placed. In addition, the placement of individual waste streams would be mapped and gridded to 
allow retrieval (by excavation) when desired. . 

This waste cell design includes a double liner with leachate collection system. These features 
were used to develop the cost estimate and may change during detailed design (see Figures E- 
l and E-2). Compliance with 6 CCR 1007-3, Part 264, SubpartN requirements is 
accomplished by the following provisions: 

- Interim cover system 

- Leachate collection layer consisting of one foot of drainage gravel 

- Primary liner would be composed of an 80 mil high density polyethylene (HDPE) 
geomembrane 

- Leak detection system includes a geocomposite, (e.g., A geonet with a geotextile on 
each side) 

Secondary liner would include'three feet of compacted clay, overlain by a 80 mil 
HDPE geomembrane 

- 

This cell design cost estimate was based on cell dimensions of 440 feet long, 360 feet wide, and 30 
feet deep. Table E-1 presents the cost estimate summary. The cost estimate included a clean dirt 
cover installed over exposed waste at the close of daily placement operations to prevent wind 
dispersion of the waste. 

. 

The entire footprint including sideslopes cover approximately 9 acres. 

Cell Support Facilities include a lay down area for cell construction materials. 

-1 

a 
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0 Any leachate collected would be treated at another facility, and those costs were not included 
in this estimate. 

Groundwater Monitoring wells ( 3 each) will be installed both up gradient and down gradient 
and will be operated from start of constpction through the end of post closure monitoring. 
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INTERIM CELL COVER 

1 
1 
I 

Common Fill with Top Soil 

Geotextile 
Geonet 
Geotextile 

Geotextile Geomembrane 
60 ML HDPE Textured 

Waste (6" Sand on top of 
Non-Supporting Waste) 

x 
I 

J 
1 

CELL LINER 

Waste 

Concrete Slab 

Drainage Gravel (Leachate Collection) 

Geotextile Cushion 8o ML Textured HPDE 

Geotextile Geomembrane (primary) 
Geonet (Leak Detection) 

Geotextile 80 ML Textured HPDE 
Geomembrane 
(secondary) 

Clay Liner 

Figure E-1 

ON-SITE FACILITY CROSS'SECTION 



440-FT. x 360-FT. x 30-FT. 
9.0 ACRES 

I' '1 
Figure E-2 

CROSS-SECTION OF ABOVE-GRADE STORAGE CELL 



TABLE E-1 

Above-Grade Landfill 

Task Description 

r 

Estimated Cost 
Containers 
Packaging 
Characterization 
Transportation 
Design 
Permitting 
Pre-Construction 
Site Preparation 
Construction 
Operations 
In terim Cap Ins talla tion 
Interim Closure Care and Monitoring 
Off-Site Disposal 
Contingency 

$0 
$2,100,000 
$5,800,000 
$2,300,000 
$2,200,000 
$300,000 
$400,000 

$8,800,000 
$41,700,000 

$9 , 000,000 
$5,300,000 
$13,900,000 

N/A 
$27,000,000 

Total Life Cycle Costs $ 7  7 8,800,000 

Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $150 million .dollars to the total cost. 
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Concrete Lined Cell, with Bulk Placement 

This alternative design consists of three adjacent open top concrete cell(s) placed over a (RCRA 
Subtitle ‘Cy landfill) double liner and leachate collection system (see Figure E-3A). When the cell(s) 
are filled with remediation waste an interim cover is placed over the facility. The conceptual design 
cost estimate assumed that the remediation waste would be placed in the cell without containers ( in 
bulk, compacted in place), however, some of the waste could be placed in containers, in addition, the 
placement of individual waste streams would be mapped to allow retrieval (by excavation) when 
desired. The individual cells are modular and would be constructed as needed over the liner to allow 
flexibility in sizing the facility. 

The concept for the design was modified from the BNFL Drigg Facility in the United Kingdom. The 
following features were used to develop the cost estimate and may change during detailed design. 

This waste cell design includes an interim cover (see Figure E-I). The surface slope of the 
finished cover would be approximately 4%. 

This waste cell design also includes a double liner with leachate collection system (see 
Figure E- 1). Compliance with 6 CCR 1007-3 Part 264 Subpart N requirements is 
accomplished by the following provisions: 

t 

- Interim cover system 

- Self supporting open top concrete shell with reinforced concrete walls and floor slab. 
The wall design incorporates integral water stops and the floor design incorporates 
cast-in-place drain channels and sumps 

- Leachate collection layer consisting of one foot of drainage gravel 

- Primary liner would be composed of an 80 mil HDPE geomembrane 

- Leak detection system include’s a geocomposite, (e.g. A geonet with a geotextile on 
each side) 

- Secondary liner would include three feet of compacted clay, overlain by a 80 mil 
HDPE geomembrane 

The Concrete Lined Cell facility conceptual design includes the following features which 
were included in the cost estimate (see Table E-2 for the cost estimate summary). 
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Facility size of 500 feet long by 360 feet wide by approximately 14 feet deep 

The tem>orary storage facility long term footprint would be approximately four 
acres 

The entire footprint during construction and placement operations would be 
approximately 10 acres (Cell area + Lay down areas + Operations areas = 10 acres) 

No aisles or corridors 

Three open top concrete modules 

A lay down area for cell construction materials 

Groundwater Monitoring wells ( 3 each) will be installed both up gradient and down 
gradient and will be.operated from start of construction through the end of post 
closure monitoring 

Any leachate collected would be treated at another facility, and those costs were not 
included in the estimate 
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Interim Cover 
(Reference Figure E-I 

Bulk and 
Container Storage 

\ / 

500-FT. x 360-FT. x 14-FT. 
4.13 ACRES 
3 MODULES 

500-FT. x 120-FT. x 14-FT. 

CONCRETE-LINED CELL WITH BULK WASTE PLACEMENT 



1 
TABLE E-2 

Concrete Lined Cell with Bulk Waste Placement 

Task DescriDtion Estimated Cost 
Containers $0 
Packaging $2,100,000 
Characterization $5,800,000 
Transportation $2,300,000 
Design $1,600,000 
Permitting $300,000 
Pre-Construction $150,000 
Site Preparation $1,970,000 
Construction $18,600,000 
Operations $8,600,000 
Interim Cap Installation $5,300,000 
Interim Closure Care and Monitoring $13,000,000 
Off-Site Disposal N/A 
Contingency $17,600,000 

Total Life Cycle Costs $77,320,000 

Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $1 5 0  million dollars to the total cost. 
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Concrete Lined Cell In Containers 

This alternative design consists of three adjacent open top concrete cell(s) placed over a (RCRA 
Subtitle ‘C’ landfill) double liner and leachate collection system (see Figure E-3B). When the cell(s) 
are filled with remediation waste an interim cover is placed over the facility. All of the remediation 
waste would be placed in containers (Cargo containers) which would then be placed into the cells. 
This aspect is the only significant difference from the previously described option “Concrete Lined 
Cell with Bulk Placement”. Individual waste streams would be recorded and mapped to allow 
retrieval (by excavation) when required. The individual cells are modular and would be constructed 
as needed over the liner providing flexibility in sizing the facility. The concept for the design was 
modified from the Drigg Facility in the United Kingdom. 

The following features were used to develop the cost estimate and may change during detailed 
design. 

a This waste cell design includes an interim cover (see Figure E- 1). The surface slope of the 
finished cover would be approximately 4%. 

This waste cell design also includes a double liner with leachate collection system (see Figure 
E-1). Compliance with 6 CCR 1007-3, Part 264, Subpart N requirements is accomplished by 
the following provisions: 

- Interim cover system 

- Self supporting open top concrete shell with reinforced concrete walls and floor slab. 
The wail design incorporates integral water stops and the floor design incorporates 
cast-in-place drain channels and sumps. 

- Leachate collection layer consisting of one foot of drainage gravel 

- Primary liner would be composed of 80 mil HDPE geomembrane 

- Leak detection system includes a geocomposite (e.g,. A geonet with a geotextile on 
each side) 

- Secondary liner would include three feet of compacted clay, overlain by a 80 mil 
. HDPE geomembrane 
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The Concrete Lined Cell facility conceptual design includes the following features which 
were included in the cost estimate (see Table E-3 for the cost estimate summary). 

Facility size of 405 feet wide by 500 feet long by approximately 14 feet deep 

The waste cell facility long term footprint would be approximately 4.6 acres 

The entire footprint.during construction and placement operations would be 
approximately 10 acres (Cell area + Lay down areas + Operations areas = 10 acres) 

No aisles or corridors 

Three open top concrete modules 

A lay down area for cell construction materials 

Groundwater Monitoring wells (3 each) will be installed both up gradient and down 
gradient and will be operated from start of construction through the end of post 
closure monitoring 

Any leachate collected would be treated at another facility, and those costs were not 
included in the estimate 
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c 500-FT. x 405-FT. x 14-FT. (4.65 ACRES) 

Subtitle "C" Liner System (Reference Figure E-I) --& 

Figure E-3B 

CONCRETE-LINED CELL IN CARGO CONTAINERS 
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TABLE E-3 

Concrete Lined Cell with Cargo Containers 

Task Description . Estimated Cost 
Containers $74,930,000 
Packaging 
Charm teriza tion 
Transportation 
Design 
Permitting 
Pre-Construction 
Site Preparation 
Construction 
Operations 
Interim Cap lnstalla tion 
Interim Closure Care and Monitoring 
Off-Site Disposal 
Contingency 

$1,700,000 
$5,800,000 
$2,300,000 
$1,600,000 
$300,000 
$1 50,000 

$1,970,000 
$18,600,000 
$4,900,000 
$5,300,000 
$10,400,000 

N/A 
$37,700,000 

~ ~~ 

Total Life Cycle Costs $ 7  65,650,000 

Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $1 50 million dollars to the total cost. 
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HARDENED CONCRETE VAULT 

This alternative design would place cargo containers, filled with remediation waste, within an above 
grade concrete structure (see Figure E-4). The structure would be designed as a self supporting, free 
standing, above grade, weatherproof structure. This structure would be constructed over a double 
liner and leachate collection system. The structure would consist of three modules (Vaults). Each 
module would contain a double row of cargo containers with an access aisle between the rows. The 
cargo-containers would be stacked in the vault by forklifts from the access aisle. At the close of 
waste placement operations, each cell would be capped with a concrete roof, then the structures 
comprising the facility would be covered with an interim cover. This design enhances the 
monitoring capability during placement operations and retrievability after closure due to the open 
aisles and identified waste in individual containers. The concept for the design was modified from 
the "E"-Area Vaults from the DOE Savannah River Complex. 

During the period of post closure monitoring (or later) access could be made into the vaults (by 
excavating through the interim cover) to inspect or retrieve the waste containers via the aisles which 
were left open , but isolated from the environment when the vaults were closed. 

The following features were used to develop the cost estimate (see Table E-4) and may 
change during detailed design. 

- Facility size would be approximately 560 feet long, 450 feet wide, and 14 feet high 
and consist of three modules 

- One module could be constructed each year, for three years, (subject to the rate of 
remediation waste generation) 

- Each module would consist of an 18 inch thick reinforced concrete slab floor,'l2 
inch thick reinforced concrete walls, and a 12 inch thick reinforced concrete roof 

A 30 foot wide aisle or central corridor is planned in each module. These corridors 
would remain open during the life of the facility to allow routine monitoring and 
inspection 

- 

- Waste would be placed into 20 cy cargo containers (5,000 containers, Total capacity 
100,000 cy per Vault, up to 400,000 cy for four Vaults) 

- A double liner system and LCRS would be constructed similar to the CLC (see 
Figure E- 1). This complies with requirements of 6 CCR 1007-3 Part 264 Subpart N 
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- The waste cell facility long term footprint would be approximately six acres 

- The entire footprint during construction and placement operations would be 
approximately 12 acres (Cell area + Lay down areas + Operations areas = 12 acres) 

- Groundwater Monitoring wells ( 3 each) will be installed both up gradient and down 
gradient and will be operated from start of construction through the end of post 
closure monitoring 

- Any leachate collected would be treated at another facility, and those costs were not 
included in the estimate 
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TABLE E-4 

Hardened Concrete Vault 

Task Description Estimated Cost 
Containers $74,930,000 
Packaging $1,700,000 
Characteriza tion $5,800,000 
Transportation $2,300,000 

Permitting $300,000 
Pre-Construction $400,000 
Site Preparation $6,100,000 
Construction $26,000,000 
Operations $4,900,000 
In terim Cap Ins tala tion $5,300,000 

Design $2,200,000 

Interim Closure Care and Monitoring 
Off-Site Disposal 
Contingency 

$10,400,000 
N/A 

$41,300,000 

Total Life Cycle Costs $ 7  8 7,630,000 

Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $1 5 0  million dollars to the total d 
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Silo Design 

This alternative design consists of a series of 5,000 cy capacity open top concrete silos placed over a 
double liner and leachate collection system (see Figure E-5). When all of the silos are filled with 
remediation waste an interim cover is placed over the entire facility. Remediation waste would be 
placed in each silo in bulk (without containers) and compacted. When each silo is filled a structural 
concrete roof is constructed over the silo. Individual waste streams would be mapped and recorded 
to allow retrieval (by excavation) when desired. Individual silos would be constructed as needed to 
keep pace with remediation waste generation. This design alternative is based on a similar design 
described in EG&G- INEL Interim Report: Waste Management Facilities Costs, Information for 
Mixed Low-Level Waste, dated March 1994. 

The following features were used to develop the cost estimate (see Table E-5) and may 
change during the detailed design. This design complies with requirements of 6 CCR 1007-3, 
Part 264, Subpart N. 

- This waste cell design includes an interim cover (see Figure E-1) 

- The side slope of the finished cover would be approximately 12% 

- Leachate collection layer consisting of one foot of coarse sand 

- Primary liner would be composed of an 80 mil HDPE geomembrane 

- Leak detection system includes a geocomposite (e.g., A geonet with a geotextile on 
each side) 

- Secondary liner would include three feet of compacted clay, overlain by a 80 mil 
HDPE geomembrane 

- Facility size of 500 feet wide by 500 feet long by approximately 75 feet high 

The waste cell facility long term footprint would be approximately six acres - 

- Self supporting open top reinforced concrete shell silos approximately 50 feet wide 
by 40 feet long by 70 feet high. Each silo to be constructed with 12 inch thick 
reinforced concrete walls and an 18 inch thick reinforced concrete slab floor. When 
filled with waste, a 12 inch thick structural concrete top would be constructed over 
each silo. 
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- Space between silos would be backfilled with clean sand or fill 

- The entire footprint during construction and placement operations would be 
approximately 12 acres (Cell area + Lay down areas + Operations areas = 12 acres) 

- Groundwater Monitoring wells (3 each) will be installed both up gradient and down 
gradient and will be operated from start of construction through the end of post 
closure monitoring 

- Any leachate collected would be treated at another facility, and those costs were not 
included in the estimate 

November 4, 1996 E-20 





TABLE E-5 

Silo Design 

Task Description Estimated Cost 
Containers $0 
Packaging 
Characterization 
Transportation 
Design 
Permitting 
Pre- Cons truc tion 
Site Preparation 
Construction 
Operations 
Interim Cap lnstalla tion 
Interim Closure Care and Monitoring 
Off-Site Disposal 
Contingency 

$2,100,000 
$5 , 800,000 
$2,300,000 
$2,000,000 
$300,000 
$400,000 

$6,100,000 
$30,400,000 
$1 4,300,000 
$5 , 300,000 

$1 3,900,000 
NIA 

$24,400,000 

Total Life Cycle Costs $ IO 7,300,000 
Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $ 1  5 0  million dollars to the total cost. 
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SLAB on GRADE 

This alternative design consists of 5,000, twenty cubic yard capacity, cargo containers filled with 
remediation waste placed outdoors on an above grade concrete slab (see Figure E-6). No liner or 
leachate collection system is incorporated into this design. A concrete berm around the perimeter of 
the slab and a sump to contain stormwater are integrated into the design. No roof or building 
enclosure would be placed over the cargo containers. The facility would have a design life of 30 
years, at which time it was assumed that the waste would be transported to an off site facility for 
disposal. This concept is currently in use for storage of RCRA waste at RFETS. 

b The following features were used to develop the cost estimate (see Table E-6) and could 
change during detailed design. 

The waste would be placed in bulk into the 20 cy cargo containers 

No double liner system of LCRS 

Facility design life of 30 years 

Requires 5,000 each 20 cy cargo containers, whose design life was assumed to be 30 
years in outdoor storage 

. 

The footprint of the facility would be approximately 535 feet by 600 feet 

The containers would be stacked three high and placed in double rows with a 5 foot 
aisle between the double rows 

The slab with a perimeter stormwater curb would be constructed of reinforced 
concrete at the existing grade 

The slab would be sloped to a central sump for storm water collection. For 
estimating purposes it was assumed that the storm water could be discharged without 
treatment. 

Any costs associated with maintenance or replacement of the facility at the end of 
the design life were not included in this estimate 

The site footprint during long term storage would be approximately 7 acres 
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- The entire footprint during construction and placement operations would be 
approximately 12 acres (Cell area + Lay down areas + Operations areas = 12 acres) 

- Groundwater monitoring wells (3 each) will be installed both up gradient and down 
gradient and will be operated from start of construction through the life cycle (30 
years). 
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TABLE E-6 

Slab on Grade 

Task Description Estimated Cost 
Containers 
Packaging 
Characterization 
Transportation 
Design 
Permitting 

$74,900,000 
$1,700,000 
$5,800,000 
$2,300,000 
$300,000 
$300,000 

Pre- Construction $200,000 
Site Preparation $6,100,000 
Construction $3,800,000 
Operations 
Interim Cap Installation 
Interim Closure Care and Monitoring 
0 ff-Site Disposal 
Contingency 

$5,500,000 
N/A 

$8,500,000 
N/A 

$32,200,000 

Total Life Cycle Costs $74 7,600,000 

Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $ 1  50  rnillipn dollars to the total cost. 
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METAL BUILDINGS 

This alternative design consists of 5,000, twenty cy capacity, cargo containers filled with 
remediation waste ;laced inside engineered metal buildings (see Figure E-7). This design alternative 
is very similar to the Slab-on-Grade design with the exception that in this design option, the cargo 
containers are sheltered from the weather, and that no storm water would be collected. The buildings 
would be constructed on a concrete slab. No liner or leachate collection system is incorporated into 
this design. The facility would have a design life of 30 years, at which time it was assumed that the 
waste would be transported to an off site facility for disposal. This concept is currently in use for 
storage of RCRA waste at WETS. 

b The following features were used to develop the cost estimate (see Table E-7) and could 
change during detailed design. 

Four metal buildings, each 570 feet long by 130 feet wide by 20 feet high 

One building would be constructed per year 

Each building would be placed on a 12 inch thick concrete slab 

5,000 each 20 cy capacity cargo containers 

The containers would be stacked three high in the buildings 

Each building would retain one centralized corridor and access aisle for routine 
monitoring and inspection for the design life of the facility 

30 year design life of the facility 

Large forklifts to move the cargo containers 

Transportation of the waste to an off site disposal facility at ille end of the design life 

No double liner system or LCRS 

Cost of maintaining or replacing this Remediation Waste Storage facility after the 
design life were not considered in this cost estimate 
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- Groundwater monitoring wells (3 each) will be installed both up gradient and down 
gradient and will be operated from start of construction through the life cycle (30 
years). 
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TABLE E-7 

Metal 6uildings 

Task Description Estimated Cost 
Containers $74,900,000 
Packaging 
Characterization 
Transportation 
Design 
Permitting 
Pre-Construction 
Site Preparation 
Construction 
Operations 
In terim Cap Installation 
Interim Closure Care and Monitoring 
Off-Site Disposal 
Contingency 

$2,400,000 
$5,800,000 
$1,700,000 
$2,300,000 

$300,000 
$1,300,000 
$2 , 800,000 

$1 7,900,000 
$4,900,000 

N I A  
$10,400,000 

N I A  
$36,700,000 

Total Life Cycle Costs $ 7  6 7,400,000 

Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $1 50 million dollars to the total cost. 
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ENTOMBMENT 

Essentially, in this alternative design concept, remediation waste is placed into 55 gallon steel drums. 
Eight steel drums are then placed into a large concrete canister (or concrete box) which is then filled 
with grout. The canisters are stored in a weatherproof hardened concrete vault. This design option is 
intended for long term retrievable storage (see Figure E-8). While meeting the definition of 
Monitorable Retrievable Storage , the actual waste, while highly retrievable would be less 
monitorable than several of the alternate designs. This design alternative is based on a similar design 
described in an EG&G-INEL Interim Report: Waste Management Facilities Cost Information for 
Low Level Waste, dated March 1994. 

This design combines several concepts of some of the previous design alternatives, it is most similar 
to the hardened concrete vault design. The most significant difference is that each waste canister is 
entombed in concrete. The remediation waste is placed into 55 gallon steel drums. Eight drums are 
placed into a single larger canister (concrete box), which is then sealed by filling it with (cement) 
grout. The canisters are then placed into the storage facility which consists of a series of adjacent 
hardened concrete cells (vaults). The facility would be constructed over a double liner and leachate 
collection system. The facility itself would consist of rows of concrete cells having an access aisle 
between the rows. The canisters are placed into the open topped concrete cells, and stacked three 
high. When a cell is filled with canisters the void spaces in the cell (between the canisters and cell 
walls), are backfilled with sand and then a concrete cover is constructed on the top of the cell thereby 
closing the cell. When the cells have been covered with concrete, an interim cover is constructed 
over the entire facility. 

The following features were used to develop the cost estimate (see Table E-8) and could 
change during detailed design. This design option complies with 6 CCR 1007-3 Part 264 
Subpart N Requirements. 

- This waste cell design includes an interim cover (see Figure E-1 ) 

- A leachate collection layer consisting of one foot of coarse sand 

- The primary liner would be composed of an 80 mil HDPE geomembrane 

- The leak detection system includes a geocomposite (e.g., A geonet with a geotextile 
on each side) 

- Secondary liner would include three feet of compacted clay, overlain by a 80 mil 
HDPE geomembrane 
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Each cell floor would be reinforced concrete 

The canisters would be stacked three high in the cells with each canister holding 8 
drums 

Each cell would have one adjacent aisle for routine monitoring and inspection 

1,000 year design life of the facility 

Groundwater Monitoring wells ( 3 each) will be installed both up gradient and down 
gradient and will be operated from start of construction through the end of post 
closure monitoring 

Any leachate collected would be treated at another facility, and those costs were not 
included in the estimate 
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TABLE E-8 

Entombment 

Task Description Estimated Cost 
Total Cost $52 5,000,000 

Total Life Cycle Costs $525,000,000 

Note: Based on Idaho National Engineering Laboratory report, "Waste Management Facilities 
Cost Information for Mixed Low Level Waste", dated March 1994. 
Costs escalated t o  expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $1  50  million dollars to the total cost. 
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PYRAMID DESIGN 

This alternative design concept is to construct a pyramid around compacted remediation waste in 
bulk (see Figure E-9). The base/floor of the pyramid would have a rectangular footprint and 
constructed to be a structurally sound base of slab-on-grade reinforced concrete and quarried stone. 
The structure/facility would be built in a series of compacted lifts of remediation waste with a "ring". 
of quarried stone blocks forming the perimeter. The length of the perimeter would decrease as the 
height increased. It is believed that the quarried stone blocks would not exclude all stormwater over 
time. Sealant would be used between the quarried stone blocks to prevent stormwater from 
infiltrating the compacted waste. This design alternative was described and estimated as a result of 
input from the Citizens Advisory Board. 

It was perceived that the ease of monitoring a selected remediation waste would be among the lowest 
of the options considered. In addition, the structural integrity of the facility would be provided by 
the compacted waste itself. The quarried stone blocks, due to their large size, would be extremely 
expensive to procure, transport, and install. Due to the limited mass of stone relative to the mass of 
compacted waste, the quarried stone blocks themselves would contribute little to the overall integrity 
of the facility. A sealant placed between the blocks would be expected to fail when differential 
settling of the waste occurred, allowing stormwater to enter the waste. Because the engineering 
properties of the remediation waste (if any) have yet to be defined, it is not clear if the compacted 
waste would support the quarried stone blocks. Imposing strict physical structural requirements 
upon the waste to be placed into the pyramid in order to achieve the necessary structural integrity for 
the intended purpose could exclude significant quantities of remediation waste from this facility or 
that the waste be treated to a defined strength requirement at additional cost. 

For these reasons the pyramid design was discarded after initial cost estimates (see Table E-9) were 
prepared. 
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TABLE E-9 

\ I 

Pyramid Desip 

Task Description Estimated Cost 
Containers $0 
Packaging $2,100,000 

, $5,800,000 

I Transportation $2,300,000 
Characterization 

Design 
Permitting 
Pre- Construc tion 
Site Preparation 
Construction 
Operations 
Interim Cap Ins tala tion 

Off-Site Disposal 
Contingency 

Interim Closure Care and Monitoring 

$2,200,000 
$300,000 
$400,000 

$14,500,000 
$57 , 900,000 
$9,000,000 

N/A 
$1 3,900,000 

N/A 
$31,900,000 

To tal Life Cycle Costs $ 7  4Of30Of0O0 

Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $ 1  50 million dollars to the total cost. 
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Waste Pile 

This alternative design concept was patterned after the Waste Pile constructed in 1988 at the Rocky 
Mountain Arsenal. The design was developed and implemented to isolate Basin F hazardous soils 
and sludges from the environment pending selection of a treatment method and a disposal site. In 
this concept wastes-in-bulk are compacted into a rectangular pile, covered with a geomembrane , 
(bottom, sides, and top) and dirt which is vegetated with native grasses (see Figure E-10). No special 
embankments, pits, buildings, or berms are employed. As the pile is constructed of compacted 
waste, the waste is covered (daily) with a plastic membrane to prevent the.spread of contamination. 
When complete the pile is sealed within a geomembrane. The geomembrane would be covered with 
fill dirt and vegetated with native grasses. This alternative would provide 30 year monitored 
retrievable storage of remediation waste pending agreement by the public, the regulators, and the 
DOE as to disposition. See Table E-IO for a conceptual cost estimate. 
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Figure E-10 
WASTE PILE 



TABLE E - 1 0  

WASTE PILE 

Task Description Estimated Cost 
Actual Costs (Escalated 1 9 8 8  to 1996)  $36,669,000 
0 ff-Site Disposal N/A 

Total Life Cycle Costs $36,669,000 
Note: Costs escalated to expected year incurred. Total life cycle costs do not include 
offsite disposal costs. These costs would include retrieval, transportation and disposal 
costs and would add over $ 1  5 0  million dollars to the total cost. 
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~ NO ACTION 

The 510 Action" alternative is included in this listing of design options to fulfill the requirements of 
NEPA. NEPA requires that the "No Action" option continues to be considered through the end of 
the decision making process. 

The ProDosed Action is an onsite facility 
The proposed action is to permit and construct an onsite storage facility to contain remediation 
waste(s) generated as part of the cleanup and closure activities at WETS. This facility would be 
designed and permitted as a C A W ,  a storage facility to isolate the wastes from the environment in 
a retrievable fashion. This facility would be designed to meet RCRA Subtitle "C" Landfill facility 
requirements. Permitted storage under a CAMU permit would allow remediation waste which does 
not meet Land Disposal Requirements (LDRs) to be stored. This storage would allow an indefinite 
period of time for the general public, the DOE and the CDPHE to determine and agree upon the 
ultimate fate (disposal) of the wastes via a Record of Decision (ROD). One of the disposal options 
which could be considered during this time period could be the permitting of the Remediation Waste 
Storage Facility as a permanent CAMU storage facility. 

The No Action alternative is to ship remediation waste off site as soon as it is Droduced 
The "NO ACTION" option is to package and ship all remediation waste generated as part of the 
cleanup and closure activities to an off site disposal facility, as a permitted onsite hazardous, LLW, 
or LLMW disposal facility does not exist. This option requires that all waste meet Department of 
Transportation regulations for Interstate shipment of hazardous, radioactive, and mixed waste before 
it leaves the Site. This option also requires that all remediation wastes generated meet LDR's prior 
to disposal. See Table E- 1 1 for the conceptual cost estimate summary. 
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TABLE E-1 1 

NO ACTION 
(Offsite disposal concurrent with generation) 

Task Description . Estimated Cost 
Containers $4,600,000 
Packaging $2,900,000 
Trea tmen t/Charac teriza tion $78,400,000 
Transportation 
Design 
Permitting 
Pre- Cons truc tion 
Site Preparation 
Construction 

$7,600,000 
N/A 
N/A 
N/A 
N/A 
N/A 

Operations N/A 
Closure (Cap Installation) 
Interim Closure Care and Monitoring 
Off-Site Disposal (years 199 7,8,91 
Contingency * 

N/A 
N/A 

$73,300,000 
$49,1 00,000 

Total Life Cycle Costs $2 15, 900, 000 
Note: (1 ) costs escalated to year incurred. These,costs do include offsite disposal and 
are therefore higher than the other alternatives. This alternative is the least expensive 
when disposal costs are incorporated into all of the estimates. 



L 

Appendix F 

Backup for Facility Design Screen 



F. 1 

F.2 

F.3 

F.4 

F.5 

F.6 

F.7 

F.8 

F.9 

F.10 

F.11 

RF/ER-95-0105. UN, Rev. I 
Drafr Corrective Action Management Unit 

Interim Measurdhterim Remedial Action Decision Document 
and Application Support Document 

Rocky Flats Environmental Technology Site 

TABLE OF CONTENTS 

ABOVEGRADE STORAGE CELL . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F- 1 

CONCRETE LINED CELL WITH BULK PLACEMENT . . . . . . . . . . . . . . . . . . . . . . . . . F-4 

CONCRETE LINED CELL IN CARGO CONTAINERS . . . . . . . . . . . . . . . . . . . . . . . . . . F-7 

HARDENEDCONCRETEVAULT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F-10 

SILODESIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F-12 

SLAB ONGRADE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F-14 

METAL BUILDINGS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F- 17 

ENTOMBMENT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F-20 

PYRAMID DESIGN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . F-24 

WASTEPILE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F-27 

NO ACTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  F-29 

\ 

November 4, 1996 
... 
111 



RF/ER-95-0105. UN, Rev. I 
Draft Corrective Action Management Unit 

Interim MeasurdInterim Remedial Action Decision Document 
and Application Support Document 

Rocky Flats Environmental Technology Site 

Appendix F - Backup for Facility Design Screen 

This appendix provides details of the facility design screen for each of the major criteria. This 
appendix backs up information provided in Table 6- 1. Specific criteria have been referenced in 
parentheses (e.g., [C #.#I). Additional information on specific criteria can be found in Section 5 and 
Appendix D. 

F.l ABOVEGRADE STORAGE CELL 
6 

Description: 

This facility is similar in construction to a typical waste management cell except that fill would be 
used to build up the sides of the cell so it could be placed abovegrade. A more detailed description 
of this design is given in Appendix E. 

CAMU Criteria: 

Many of the features of the abovegrade storage cell support a CAMU designation. The facility 
would have a double liner, a leachate collection system, and an impermeable cap to ensure that 
releases do not occur (C 1.4). The facility could well support the timing of remedial activities since 
it is a simple and proficient design and remediation waste can be placed in the facility without as 
much additional processing (C 1 S) .  Because waste could be placed in bulk, remediation waste could 
go from treatment or excavation directly into the cell. This could both expedite accelerated actions 
as well as reduce the cost by eliminating the need for a remediation waste staging area. 
Construction and of the facility could be expedient because the design is simple and the technology 
is readily available and well known. 

0 

Public Protection (Geotechnical and Hydrological Criteria) 

The abovegrade storage cell has many of the advantages of other designs including double liners and 
a shallow slope around the edge of the structure to protect against erosion (C 2.1,2.3). The double 
liner system and abovegrade design would isolate the facility from the substrate and ground water (C 
2.3,2.10,2.12). The impermeable cap could have an impact on surface water drainage and 
groundwater infiltration since water will be diverted to the edges of the cap (C 2.11). 

Site Special Issues: 

The abovegrade storage cell would require a larger footprint than many other designs because of the 
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Design . 

Pre-Construction 
Construction 

Total Cost of Construction 

additional space required to construct the embankment around the facility. To ensure slope stability, 
the embankment would be at a five to one slope. This would impact the ability to collocate other 
waste facilities next to this facility (C 3.9) and could impact some additional utilities (C 3.2). Other 
than space considerations, it would support the Site Vision well because the storage cell cap could be 
tied into the cap planned for the Industrial Area of the Site (C 3.1). 

$2,200,000 
$400,000 

$41,700,000 
$44,300,000 

Cost Criteria: 

Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

$5,300,000 
$1 3,900,000 
$19,200,000 

The Cost of Site Preparation (C 4.2) is: 
i 

lcost of Site Preparation I $8,800,000 I 
The Cost of Interim Closure (C 4.3) was calculated as follows: 

The above costs were combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 
ITotal Life-Cycle Cost I $1 18,800,000 I 

The cost of construction would be high because of the cost of fill material that would be used to 
build up the embankments and because of all of the earthwork that would be required to place that 
fill (C 4.1). The low total life cycle cost (C 4.4) would be the result of onsite management in bulk 
form and potentially low interim closure costs (C 4.3). As'with the other onsite alternatives, life 
cycle cost does not include the eventual cost of offsite disposal which would include retrieval, 
packaging, transportation and disposal costs. The inclusion of these costs would increase the total 
life-cycle cost significantly (by more than $150 million). 

Regulatory Support: 

In terms of the regulatory support criteria, this facility would not have a lot of future applicability or 
utility outside of its use to manage bulk waste (C 5.4). For any use, only low level waste would be 
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put in this type of facility (C 5 5 ) .  Also, this design is more the current standard than it is state of the 
art (C 5.3) although the liner and the cap have the potential to be a state of the art design. 

Other Stakeholder Concerns: 

This would be one of the simpler facilities to design and construct (C 6. IO). The needed materials, 
services and technologies would be readily available (C 6.12,6.13). In terms of schedule 
requirements, this facility could be both expediently constructed and expediently operated (C 6.1 1) 
because: 

The design is simple 

The materials are easy to obtain 

. The waste can be placed directly into the facility in bulk 

The technology is well known 
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F.2 CONCRETE LINED CELL WITH BULK PLACEMENT 

Description: 

Bulk waste would be placed in modular concrete cells. A double liner and a leachate collection 
system would be under the facility. Upon filling the cells an impermeable cap would placed above 
them. A more detailed description of this design is given in Appendix E. 

CAMU Criteria: 

The concrete walls and floors provide an additional barrier of protection to prevent leakage (C 1.4). 
This design supports the timing of remedial activities in a number of ways (C 1 S). Waste would be 
placed in bulk, so remediation waste could go from treatment or excavation directly into the cell. 
This could both expedite accelerated action as well as reduce the cost by eliminating the need for a 
remediation waste staging area. Construction of the facility would be expedient because the design 
is simple and the technology is readily available and well known. The modular design allows use 
after filling of the cells while other are under construction so the facility could start accepting waste 
prior to the completion of construction. 

Public Protection (Geotechnical and Hydrological Criteria) : 

The combination of abovegrade design and a double liner barrier will provide reasonable assurances 
that groundwater and subsurface soils are protected (C 2.1,2.5,2.10). Structurally, the concrete 
walls could provide additional structural stability (C 2.3). Drainage and infiltration could be 
impacted by the impermeable cover ( C 2.1 1). Geomorphic effects will be minimized by 
maintaining a gentle slope and by forcing the design to accommodate surface features and the 
existing drainage patterns (C 2.2,2.11). 

Site Special Issues: 

This option has a smaller footprint than some designs although it is slightly larger than the hardened 
concrete vault. This design well supports Site Vision objectives (C 3.1) since the facility could be 
part of a continuous cap planned for the Industrial Area and the smaller size of the facility means less 
total space for managing waste. The modular design should facilitate the placement of similar 
structures near this facility since walls of the unit could be shared with new modules allowing 
additional units to be placed right beside existing ones (C 3.9). The use of modules in this design 
will also enhance the ability of the facility to accept a variety of remediation waste types including 
Decontamination and Decommissioning waste (C 3.6). 
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Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

Cost Criteria: 

$5,300,000 
$1 3,000,000 
$1 8,300,000 - 

The Cost of Construction (C 4.1) was calculated as follows: 

I Design I $1.600.000 I 
I Pre-Construction I $150.000 I 
I Construction I $18.600.000 I . .  
Total Cost of Construction I $20,350,000 1 
The Cost of Site Preparation (C 4.2) is: 

lcost of Site Preparation I $1,970,000 I 
The Cost of Interim Closure (C 4.3) was calculated as follows: 

The above costs are combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

~ 

(Total Life-Cycle Cost T$77,320,000 1 
Low construction, site preparation, and closure costs (C 4.1,4.2,4.3) plus cost savings resulting from 
bulk storage of the waste would give the lowest total life cycle costs (C 4.4). As with the other 
onsite alternatives, life cycle cost does not include the'eventual cost of offsite disposal which would 
include retrieval, packaging, transportation and disposal costs. The inclusion of these costs would 
increase the total life-cycle cost significantly (by more than $150 million). 

Regulatory Support: 

This facility design would offer a greater degree of applicability and utility than many of the other 
designs and is permitable (C 5.3, 5.4). It is a state of the art design (C 5.3) used in Europe for similar 
applications. Only low-level waste is currently planned for this type of facility design (C 5.5). 

Other Stakeholder Concerns: 

The modular concrete lined cell allows for a variety of materials to be placed into the facility while 
still maintaining the ability to retrieve the waste (C 6.6). This facility would offer long-term 
effectiveness and permanence since it has additional barriers between the waste and the environment 
(C 6.7, 6.9). The demonstrated performance is better known since this design adds the additional 
protection of concrete to a storage cell type cap and liner system (C 6.9). Because of the concrete ' 

work, this design is expect to be more work intensive in terms of construction but less intensive in 
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terms of operation since it will be a bulk facility (C 6.10). Because the waste could be placed in 
bulk, it could go directly into the facility after treatment or excavation. Materials, services, and the 
technology would be readily available (C 6.12, 6.13). * 
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F.3 CONCRETE LINED CELL IN CARGO CONTAINERS 

Description: 

Waste would be put into cargo containers and then placed in modular concrete cells. A double liner 
and a leachate collection system would be under the facility. Upon filling the cells an impermeable 
cap would placed above them. A more detailed description of this design is given in Appendix E. 

CAMU Criteria: 

The concrete walls and floors provide an additional barrier of protection to prevent leakage (C 1.4). 
Construction and of the facility could be expedient because the design is simple and the technology 
is readily available and well known (C 1 S). The modular design allows use after filling of the cells 
while other are under construction so the facility could start accepting waste prior to the.completion 
of construction. 

Public Protection (Geotechnical and Hydrological Criteria): 

The cargo containers themselves could provide some structural support ad well as providing an 
additional barrier to prevent leaking (C 2.3). Further protection of groundwater and the subsurface 
strata is provided by the concrete base (C 2.5,2.11,2.12). Drainage and erosion could be controlled 
by maintaining a shallow slope and by adjusting the design to account for existing drainage; however 
the impermeable cover would still have some impact (C 2.10). 

Site Special Issues: 

This option has a smaller footprint than some designs although it is slightly larger than the hardened 
concrete vault. This design well supports Site Vision objectives (C 3.1) since the facility could be 
part of a continuous cap planned for the Industrial Area and the smaller size of the facility would 
mean less total space for managing waste. The modular design would facilitate the placement of 
similar structures near the facility since walls of the unit could be shared with new modules allowing 
additional units to be placed right beside existing ones (C 3.9). The use of modules in this design 
will also enhance the ability of the facility to accept a variety of remediation waste types including 
Decontamination and Decommissioning waste (C 3.6). 
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Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

Cost Criteria: 

$5,300,000 
$1 0,400,000 
$1 5.700.000 

The Cost of Construction (C 4.1) is calculated as follows: 

The Cost of Site Preparation (C 4.2) is: 

lcost of Site Preparation I $1,970,000 1 
The Cost of Interim Closure (C 4.3) is calculated as follows: 

The above costs are combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

~~ ~ ~ 

[Total Life-Cycle Cost I $165,650,000 I 
Low construction costs (C 4.1) would offset the cost for containers to yield a relative low total life- 
cycle cost (C 4.4). As with the other onsite alternatives, life cycle cost does not include the eventual 
cost of offsite disposal which would include retrieval, packaging, transportation and disposal costs. 
The inclusion of these costs would,increase the total life-cycle cost significantly (by more than $150 
mi 11 ion). 

Regulatory Support: 

This facility design would offer a greater degree of applicability and utility than many of the other 
designs and is permitable (C 5.3, 5.4). It is a state of the art design (C 5.3) used in Europe for similar 
applications. Only low-level waste is currently planned for this type of facility design (C 5.5). 

Other Stakeholder Concerns: 

The use of containers better supports retrievability since the waste will be segregated, accessible and 
easier to inspect and remove (C 6.1,6.2). As with the concrete lined call with bulk management, it 
compares favorably to the other designs in terms of useful life, effectiveness, demonstrated 
performance, and the availability of the technology, services and materials (C 6.7, 6.9,6.12,6.13). It 
will take additional time to construct than some of the other abovegrade designs due to all of the 
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concrete work (C 6.10, 6.1 1). Operations will be slightly more intensive than the concrete lined bulk 
facility due to the use of containers (C 6.10, 6.1 1). 
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Design 
Pre-Construction 

F.4 HARDENED CONCRETE VAULT 

$2,200,000 
$400,000 

Description: 

Remediation waste inside cargo containers would be stored in a modular, abovegrade, self- 
supporting concrete structure placed over a double liner and leachate collection system. A more 
detailed description of this design is given in Appendix E. 

CAMU Criteria: 

This design has additional features that enhance its protectiveness including additional barriers 
provided by concrete walls and floors and the containers (C 1.1). The waste would be very 
accessible since aisle ways would be present and containers could be removed and visually inspected 
for leaks. The modular design would allow use of one module prior to completion of the facility. 
This would allow use of the facility to be available sooner (C 1 S). 

Public Protection (Geotechnical and Hydrological Criteria): 

Concrete walls and floor could provide some additional structural support. Impermeable cap could 
impact drainage and infiltration patterns (C 2.1 1). 

Site Special Issues: 

The footprint for the hardened concrete vault would not be as large as many of the other designs 
considered. It would be easier to place additional facilities next to this facility because of its smaller 
foot print and concrete walls (C 3.9). One drawback would be that it could take a little longer to 
design and build and the filling of the facility is more work intensive and would take resources 
always from other Site closure activities (C 3.1). It would take longer to fill each vault which could 
also cause scheduling problems. 

Cost Criteria: 

The Cost of Construction (C 4.1) was calculated as follows: 

I Construction I $26,000,000 I 
ITotal Cost of Construction I $28,600,000 ] 
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Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

The Cost of Site Preparation (C 4.2) is: 

$5,300,000 
$10,400,000 
$1 5,700,000 

lcost of Site Preparation I $6,100,000 I 

The above costs are combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

ITotal Life-Cycle Cost I $181,630,000 I 
In spite of high site preparation costs (C 4.2), moderately high closure costs (C 4.3) and the cost for 
containers, the life-cycle cost would compare favorable with the other designs considered (C 4.4). 
As with the other onsite alternatives, life cycle cost does not include the eventual cost of offsite 
disposal which would include retrieval, packaging, transportation and disposal costs. The inclusion 
of these costs would increase the total life-cycle cost significantly (by more than $150 million). 

Regulatory Support: 

This design could have utilized for other applications including management of other waste types 
because there would be access aisles and it would be designed to hold cargo containers which could 
be used for other materials as well (C 5.4), although this design is only being considered for low- 
level waste (C 5.5) .  It is a state of the a b  design C 5.3). 

Other Stakeholder Concerns: 

This facility offers a high degree of monitorability and retrievability (C 6.1, 6.2) because there would 
be aisles for access, the waste would be in containers, and the modular design would enhance the 
ability to segregate and track the waste. In terms of construction and operation, this design would be 
more intensive (C 6.10) since additional effort would be required to construct the concrete vaults 
walls. During operations additional effort would be needed in containerizing the waste. The 
materials, services, or the technology needed to construct and operate this facility would be readily 
available (C 6.12, 6.13). 
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Design 
Pre-Construction 
Construction 

F.5 SILO DESIGN 

$2,000,000 
$400,000 

$30,400,000 

Description: 

Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

Concrete silos would be placed over a double composite liner system and leachate collection system. 
Remediation waste would beplaced in the silos in bulk Upon completion of filling operations, the 
entire facility would be covered with an interim cap. A more detailed description of this design is 
given in Appendix E. 

$5,300,000 
$1 3,900,000 
$19,200,000 

CAMU Criteria: 

The concrete silos, double liner and leachate collection system enhance the protectiveness of this 
design (C 1.1). Bulk placement in the silos would be easy to place but inspection would be limited. 

Public Protection (Geotechnical and Hydrological Criteria): 

Interim cap could impact drainage and infiltration patterns (C 2.1 1) 

Site Special Issues: 

The interim cap and small footprint would tie in well into the planned cap for the Industrial Area Cap 
as part of the Site Vision (C 3.1). 

Cost Criteria: 

The Cost of Construction (C 4.1) is calculated as follows: 

(Total Cost of Construction r$32800,000 I 
The Cost of Site Preparation (C 4.2) is: 

[Cost of Site Preparation I $6,100,000 I 
The Cost of Interim Closure (C 4.3) is calculated as follows: 
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The above costs are combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

ITotal Life-Cycle Cost ~$107,300,000 1 
Middle of the range construction costs (C 4.1) and low closure costs (C 4.3) combined cost savings 
from with bulk storage yielded a low life-cycle cost of the facility design alternatives (C 4.4). As 
with the other onsite alternatives, life cycle cost does not include the eventual cost of offsite disposal 
which would include retrieval, packaging, transportation and disposal costs. The inclusion of these 
costs would increase the total life-cycle cost significantly (by more than $150 million). 

Regulatory Support: 

This design meets some of the state principles. It is a state of the art design (C 5.3) and it is design to 
be permitted under RCRA; however its future use would be limited since the design is geared 
towards the bulk management of low-level soils (C 5.4, 5.5). 

Other Stakeholder Concerns: 

This design is not in wide use and so the performance and useful life is not as established 
(C 6.7, 6.9, 6.12). The intensive nature of this design would be very demanding in terms of design 
and construction and would probably take longer to get into operation (F10, F1 1). The main 
activities that would affect the schedule would be the additional time setting up forms and filling the 
silos and additional time preparing the detailed design (C 6.1 1). 
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F.6 SLAB ON GRADE 

Description: 

Waste would be put in cargo containers and placed on an abovegrade slab. A more detailed 
description of this design is given in Appendix E. . 

CAMU Criteria: 

The Slab on Grade would be quick and easy to install due to its simple design, known technology, 
and the materials would be easily available. Since the time to complete the design work would be 
less also due to simplicity and the construction would mostly consist of site preparation and pouring 
the slab, it is anticipated that this design could be implemented in a relatively short period of time 
(C 1.5). The use of containers would allow for visual inspection in order to detect leaks prior to 
contaminants escaping to the environment (C 1.1, 1.2). Waste containers would be exposed to the 
elements unless a covering such as tent was placed over the slab. Contaminants that did escape from 
the containers could be collected in the concrete berm. Any waste material not captured by the 
concrete berm could escape into the environment, but since the waste is containers the possibility 
would be remote. 

Public Protection (Geotechnical and Hydrological Criteria): 

The ability to meet CAMU criteria is dependent on maintenance of the slab (C 2.5, C 2.10). A slab 
on grade design would be a temporary facility and the remediation waste would have to be shipped at 
a later date to some other facility to provide reasonable assurance that it could protect the public for a 
thousand years (C 2.1). A slab on grade could be engineered to provide adequate drainage (C 2.1 l), 
and a permeability of less than lo-' centimeterhecond (C 2.5). Slab design would also have to 
account 'for settling, expansion and contraction to avoid cracks and structural damage. 

Site Special Issues: 

The Slab on Grade would have minimal impact on utilities since there is little excavation involved 
and some overhead utilities could still run over the facility (C 3.2). As with Metal Buildings, this 
facility could readily support short-term Site Vision goals since it could be designed and constructed 
in less time, but it is temporary and could remain as an unclosed facility long after other plant 
facilities have been shut dawn (C 3.1). The collocation of other waste facilities is a problem only 
because the slab will have such a large footprint that it could limit the space available for other 
facilities (C 3.9). 
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Interim Care And Monitoring 
Total Cost of Interim Closure 

Cost Criteria: 

The Cost of Construction (C 4.1) is calculated as follows: 

$8,500,000 
$8,500,000 

I Design I $300.0001 
I Pre-Construction I $200.0001 
I Construction I $3.800.000 I . I  

Total Cost of Construction I $4,300,000 

The Cost of Site Preparation (C 4.2) is: 

lcost of Site Preparation 1 $6,100,000 I 
The Cost of Interim Closure (C 4,3) is calculated as follows: 

I Interim Cover I N/A I 

Site preparation costs (C 4.2) and construction costs (C 4.1) would be very low because little earth 
work would be involved and construction would consist mainly of pouring the pad. However, these 
costs would be insignificant in comparison to the costs for offsite disposal and container costs which 
would give a very high total life-cycle cost (C 4.4). As with the other onsite alternatives, life cycle 
cost does not include the eventual cost of offsite disposal which would include retrieval, packaging, 
transportation and disposal costs. The inclusion of these costs would increase the total life-cycle cost 
significantly (by more than $150 million). 

Regulatory Support: 

Like the Metal Buildings design, this RWSF would be designed meet RCRA requirements for 
permitted storage including the ability to visually inspect the waste ((3.3). The lack of cover and 
continual exposure of the waste containers to the elements could be an issue in permitting this 
facility (5.3, 5.4). It would have a good degree of future applicability and utility since it is basically 
just a concrete pad (C 5.4). Future applications could include other storage uses, a lay down yard, a 
staging pad for other cleanup operations, or a tent could be constructed over it. This facility design 
is far from being state of the art (C 5.3) since it really offers nothing new or innovative in the way of 
waste management. 
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Other Stakeholder Concerns: 

The containers would be exposed to the elements and there would a slight possibility that the run off 
could get into surface water systems (C 6.2,6.7). Due to the simplicity of this design it should be 
easy to design and construct in less time than the other designs (C 6.10,6.11,6.12,6.13). 
Monitoring and retrieval would be well supported by this facility since all sides of the facility are 
potentially accessible and the containers can be easily moved and inspected. It would have a very 
short useful life relative to the other designs (C 6.7, 6.9). The materials, services and technology for 
this facility would easy to obtain because it a well known technology utilizing common construction 
materials (C 6.12, 6.13). 
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F.7 METAL BUILDINGS 

Description: 

Waste would be put in cargo containers and placed in four engineered metal buildings constructed on 
a concrete slab. A more detailed description of this design is given in Appendix E. 

CAMU Criteria: 

The use of cargo containers would allow visual leak detection; however, the cost for these containers 
is high (C 1.1). Like the slab on grade, contaminants that did escape from the containers could be 
collected in the concrete berm. The building roof would protect containers from precipitation and 
further minimize any possibility of leaching (C 1.1). The simple, proven design and less intensive 
construction would allow this facility to be available sooner which could quicken near term remedial 
activities and might avoid temporary storage of this waste at another facility or staging area (C 1.1). 

Public Protection (Geotechnical and Hydrological Criteria): 

The design life of this facility would be less than other alternatives considered (C 2.1). An 
advantage would be that most leaks could be contained prior to escaping to the environment. The 
metal building design would be engineered to provide adequate drainage (C 2.1 1). Because this 
design actually consists of different buildings precipitation could be allowed to infiltrate to the water 
table without compromising the waste with in the buildings. 

Site Special Issues: 

The Metal Building design would have a large footprint compared to the other designs because 
additional space would be needed for aisle ways and to provide spacing between the buildings 
(C 3.1). The facility could be used before completely constructed since only one building would 
need to be ready for remediation waste to be placed inside. This would better support the Site 
Vision objectives of accelerated site clean up; however, its large footprint would not incorporate the 
Site Vision objective of reducing the foot print of contaminated area (C 3.1). One advantage to the 
Metal Buildings design is that there would be a little more flexibility in configuring the buildings so 
that utilities and other features could be worked around (C 3.2). The collocation of other waste 
facilities would be a problem only because the Metal Buildings would have such a large footprint 
that it could limit the space available for other facilities (C 3.9). 
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Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

Cost Criteria: 

NIA 
$10,400,000 
$1 0,400,000 

The Cost of Construction (C 4.1) is calculated as follows: 
~~ I Desian I $2,300,000 I 

I Pre-Construction I $1,300,000 I ' 
I Construction . I $17,900,000 I 
ITotal Cost of Construction I $21,500,0001 

The Cost of Site Preparation (C 4.2) is: 

[cost of Site Preparation I $2,800,000 1 
The Cost of Interim Closure (C 4.3) is calculated as follows: 

The above costs are combined with the costs for containers, packaging, characterization, 

ITotal Life-Cycle Cost I $161,400,000] 

' transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

Low construction costs (C 4.1) would be offset by the cost of containers to yield one of the higher 
total life-cycle costs (C 4.4). As with the other onsite alternatives, life cycle cost does not include 
the eventual cost of offsite disposal which would include retrieval, packaging, transportation and 
disposal costs. The inclusion of these costs would increase the total life-cycle cost significantly (by 
more than $150 million). Since the waste is in containers, packaging costs would be lower once 
offsite shipment commenced. 

Regulatory Support: 

This facility design would be designed meet RCRA requirements for permitted storage including the 
ability to visual inspect the waste (C 5.3). The lack of cover and continual exposure of the waste 
containers to the elements could be an issue in permitting this facility (5.3, 5.4). It would have a 
good degree of future applicability and utility since it would be basically just a concrete pad (C 5.4). 
Future applications could include other storage uses or as a building for other closure activities. Like 
the Slab on Grade, this facility design is not state of the art (C 5.3) since it really offers nothing new 
or innovative in the way of waste management. 

Other Stakeholder Concerns: 
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Monitoring and retrieval could be performed from the aisle ways in each buildings and the waste 
containers could be pulled out for even closer inspection. This is a well known technology (C 6.12) 
and its performance is well demonstrated (C 6.9); however, in comparison to other designs it would 
have a poor useful life since it is designed as a temporary facility. Even with maintenance, its 
effectiveness would eventually degrade as the buildings degrade (F7, F9). This facility would be 
easy to construct in a timely manner and the services and materials would very easy to acquire 
(C 6.10, 6.11, 6.13). 
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F.8 ENTOMBMENT 

Description: 

Remediation waste would be placed in 55 gallon drum containers and then placed in a concrete 
canister that are then sealed with grout. The canisters are then placed in a hardened concrete vault. 
A more detailed description of this design is given in Appendix E. 

CAMU Criteria: 

This would have additional features that would add to the overall but protectiveness but would come 
at a high cost. These protective features would include an impermeable cap, a double liner, an 
impermeable cap, and hardened concrete walls. Inside the facility, the waste would be further 
contained by placement in 5 5  gallon drums which in turn would be entombed in concrete canisters 
(C 1.1). Entombment in canisters would be incorporating a treatment technology (similar to 
solidification) that enhances long-term effectiveness (C 1.6). Due to work intensive nature of this 
design compared to most facilities, additional time could be needed to design and construct this 
facility (C 1 S). Once in operation, this design would probably require more effort to get the waste 
from the field and into the facility and could require an additional staging area to seal the waste in 
concrete canisters. 

' 

Public Protection (Geotechnical and Hydrological Criteria) 

Numerous barriers protect groundwater and surface water from any form of contaminant migration 
(C 2.5,2.11,2.12). Impermeable cap could have some impact on drainage patterns and infiltration 
(C 2.1 1). 

Site Special Issues: 

Entombment would require a very large footprint because the concrete box containment takes up 
more space than either bulk management or cargo containers. Like other designs with concrete 
walls, it would be easier to place additional facilities in the vicinity of an entombment facility 
(C 3.9). Additional staging areas would be required to grout and then place the waste containers. 
This could have an impact on Site activities including Site closure activities (C 3.1). Additional 
problems could result when the waste is to be disposed of. Because the waste would be grouted into 
the containers, other facilities might not be willing to accept this waste. It could require expensive 
and time consuming reprocessing which would also have an impact to Site closure activities (C 3.1). 
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Design 
Pre-Construction 

Cost Criteria: 

The Cost of Construction (C 4.1) is calculated as follows: 

N/A 
N/A 

I Construction I N/AI 
(Total Cost of Construction I N/A] 

The Cost of Site Preparation (C 4.2) is: 

)Cost of Site Preparation I N/A] 

The Cost of Interim Closure (C 4.3) is calculated as follows: 

I Interim Cover I N/AI 
I Interim Care And Monitorincl I N/AI 
ITotal Cost of Interim Closure I N/A~ 

The above costs are combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

ITotal Life-Cycle Cost I$525,000,000 I 
* The cost for entombment was not calculated using a bottoms-up method and therefore a 

breakdown of costs is not available. 

Entombment would be more expensive or as expensive as any of designs considered in terms of 
construction costs (C4.1), site preparation (C 4.2), closure (C 4.3), and total life-cycle cost (C 4.4). 
Factors that contribute to this high cost could include: 

0 Placement in concrete boxes would be labor and material intensive 

The facility itself would be very large which would increase construction costs 

e The larger footprint would require more site preparation work 

As with the other onsite alternatives, life cycle cost does not include the eventual cost of offsite 
disposal which would include retrieval, packaging, transportation and disposal costs. The inclusion 
ofthese costs would increase the total life-cycle cost significantly (by more than $150 million). 

Regulatory Support: 
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This facility design could be considered state of the art (C 5.3) due its more advanced containment 
system. Although the materials would be sealed in place, the concrete boxes would be retrievable 
for inspection (C 5.3, 5.4). 
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Retrieval of the concrete boxes themselves would be simple as long as the facility was in operation. 
After the placement of the cap retrieval would be more difficult. Retrieval of individual drums 
would be further compounded by the fact that the drums would be set in grout and would have to be 
chiseled out. This unit would have a long useful life and would be very effective (C 6.7, C 6.9) since 
it would be constructed from time tested materials and would offer multiple levels of containment. 
Ultimately problems could occur if the entombed waste were shipped offsite since other facilities 
might not accept the waste in the concrete boxes. Removing the waste from the concrete boxes 
would be very expensive since the waste would have to be chipped out ofthe grout. This facility 
would be much more labor, material and time intensive for both construction and operation 
(C 6.10, 6.1 1) .  Additional time and effort would be needed to: 

a Design the facility 

a Develop the technology 

a Build packaging facilities 

a Perform additional site preparation 

The operation phase would also be more intensive due to the additional efforts required to prepare 
the waste in concrete canisters (C 6.10, 6.1 1). There could also be some problems encountered with 
the availability of the needed technology since this type of facility is not as common ( C 6.12). No 
problems are expected in getting the needed raw materials and services (C 6.13). There could be 
some limitations in accepting some waste due to the size limitations of the 55 gallon drums (C 6.8). 

November 4, 1996 F-23 



RF/ER-95-0105. UN, Rev. 1 
Draft Corrective Action Management Unit 

Interim Measurdlnterim Remedial Action Decision Document 
and Application Support Document 

Rocky Flats Environmental Technology Site 

F.9 PYRAMID DESIGN 

Description: = 

Bulk remediation waste would be placed inside of a giant hollow pyramid constructed of quarried 
stone blocks. A more detailed description of this design is given in Appendix E. 

CAMU Criteria: 

This design could require more maintenance to maintain its protectiveness since settling or shifting 
of the outside block could cause areas of exposure requiring repair (C 1. I ) .  A more lengthy design 
and construction period could be required for development of this technology and because 
availability of materials could be limited (C 1 S). 

Public Protection (Geotechnical and Hydrological Criteria) 

The Pyramid design should provide good drainage based on its geometry but could alter area 
drainage and infiltration patterns (C 2.1 1). The pyramid design would have to account for weight of 
the facility as well as impacts to slope stability (C 2.3). 

Site Special Issues: 

This alternative could need additional design and construction time which would impact cleanup 
efforts under the Site Vision (C 3.1). This additional time would be utilized for technology 
development since this is a new application. Additional time would also be spent obtaining a 
supplier of stone blocks, having the blocks cut, and for geotechnical work. As an innovative design, 
some additional time could also be required to verify the soundness of the technology. Ultimately, 
this could potentially impact building deactivation, decontamination, and decommissioning activities 
(C 3.5,3.6). The prolonged design and construction of the facility could cause additional 
remediation waste to be placed in RCRA storage'units consuming space needed for other waste 
(C 3.7). There could be some problems with locating future waste facilities near the pyramid since 
changes in geometry of the facility are limited and the footprint is larger than other designs (C 3.9). 
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Construction 
Total Cost of Construction 

Cost Criteria: 

The Cost of Construction (C 4.1) is calculated as follows: 

$57,900,000 
$60,500,000 ' 

I Design I $2.200.000 I 

Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

I Pre-Construction I $4- 

- 

NIA 
$1 3,900,000 
$1 3,900,000 

The Cost of Site Preparation (C 4.2) is: 

]Cost of Site Preparation 

The Cost of Interim Closure (C 4.3) is calculated as follows: 

I $14,500,000 I 

The above costs are combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

ITotal Life-Cycle Cost ~$140,300,000 I 
Although this design would be one of the more expensive designs to prepare the site for and 
construct (C 4.1 , 4.2), it would be one of the least expensive to close (C 4.3) and the total life cycle 
cost would place this design in the lower part of the range of those considered (C 4.4). Because the 
design is untested, additional costs could be incurred due technology development and additional 
design. These costs were not incorporated into the estimate. As with the other onsite alternatives, 
life cycle cost does not include the eventual cost of offsite disposal which would include retrieval, 
packaging, transportation and disposal costs. The inclusion of these costs would increase the total 
life-cycle cost significantly (by more than $1 50 million). 

Regulatory Support: 

Although it is an innovative design, it is not currently state of the art (C 5.3) since the technology has 
never been developed for this application. Nor would the facility offer "the greatest degree of future 
applicability and utility" since it would be designed specifically for one use, the containment of 
contaminated soils. 

Other Stakeholder Concerns: 

Due to its innovative nature, a lot of unknowns are associated with this design. Although there is 
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demonstrated performance with pyramids by ancient man for observatories, temples, or tombs, in 
general, there is no demonstrated performance for this particular design nor with the application of 
this design to waste management (C 6.9). If the blocks were to remain intact, the life of the structure 
itself could be similar to ancient pyramids. It is not known whether differential settling would open 
up the seams between the blocks allowing precipitation into the interior. Depending on their size and 
type of stone used, the blocks for the pyramid could be difficult to acquire (C 6.1 1 , 6.12, 6.13). 
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Design 
Pre-Construction 
Construction 

F.10 WASTE PILE 

NlA 
NIA 
NIA 

Description: 

a 

Bulk waste would be compacted into a rectangular pile, sealed in a geomembrane and covered with 
dirt. The facility would be underlain with a liner and leachate collection system. A more detailed 
description of this design is given in Appendix E. 

CAMU Criteria: 

interim Cover NIA 
Interim Care And Monitoring NIA 

Because the necessary design and site preparation of this facility would be minimal, use of the 
facility could be available sooner which could expedite some near-term early actions (C 1 S).  

Public Protection (Geotechnical and Hydrological Criteria) 

The design life of this facility is to approximately 30 years. At the end of its useful life, the facility 
would have to modified, a new facility would have to be constructed or the waste would have to be 
sent to another facility (C 2.1). a 
Site Special Issues: 

The impermeable cap could be tied into the cap planned for the Industrial Area as part of Site 
closures activities under the Site Vision (C 3.1). 

Cost Criteria: 

The Cost of Construction (C 4.1) is calculated as follovys: 

I ITotai Cost of Construction N/AI ~~ 

The Cost of Interim Closure (C 4.3) is calculated as follows: 
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ITotal Cost of Interim Closure I N/AI 
The above costs are combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

ITotal Life-Cycle Cost I $36,670,000 I 
* A breakdown of specific costs are not available. Life-cycle costs are based on actuals from a 

similar facility. 

The construction costs and site preparations costs would be very low (C 4.1,4.2), resulting in a a 
low life-cycle cost (C 4.4). As with the other onsite alternatives, life cycle cost does not include the 
eventual cost of offsite disposal which would include retrieval, packaging, transportation and 
disposal costs. The inclusion of these costs would increase the total life-cycle cost significantly (by 
more than $150 million). 

Regulatory Support: 

This design is geared specifically towards soil and other remediation recovered during Site clean up 
and therefore this facility would not have many other uses (C 5.4). 

Other Stakeholder Concerns: 

The useful life of this facility would be limited since the intent is to provide safe, cost-effective 
storage until the waste can be moved to a more permanent facility (C 6.6,6.9). The simplicity of this 
facility would allow for a reduced design and construction period (C 6.1 1). Because waste would be 
placed in an easily accessed pile, operations would also be facilitated by this design. Once the waste 
pile is covered over, retrieval and monitoring of individual waste streams would be hampered by 
access problems and a lack of separation. On the other hand, retrieval of all of the waste at once 
could be relatively simple since the cover could be breached and the waste could be removed with a 
front end loader. 
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~~ ~ 

Pre-Construction N/A 
Construction NIA 

Total Cost of Construction N/A 

F. l l  NO ACTION 

Description: 

The no action alternative is to shipped the waste to an offsite facility as it is generated. A more 
detailed description of this design is given in Appendix E and Appendix B. 

CAMU Criteria: 

CAMU criteria are not applicable to this action since an offsite facility would not be used as a 
C A W .  

Public Protection (Geotechnical and Hydrological Criteria) 

Public protection would be dependent on the facility. Protection to the groundwater would likely be 
equivalent or better than RCRA Title C Landfill requirements. Offsite facilities could have less 
permeable geologic strata to meet minimum permeability of lo-’ centimeters/second, whereas onsite 
facility would likely meet the same minimum permeability with engineered barriers (C 2.5). 

Site Special Issues: 

This option would only require a staging area for packaging and transporting the waste. Since no 
space would be needed for a storage facility, this option would well address the Site Vision objective 
of reducing the footprint of contaminated areas (C 3.1). Delays in shipping could cause valuable 
RCRA storage space to be utilized (C 3.7). 

Cost Criteria: 

The Cost of Construction (C 4.1) is calculated as follows: 

I Desian I N/AI 

The Cost of Site Preparation (C 4.2) is: 

lcost of Site Preparation I N/AI 
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Interim Cover 
Interim Care And Monitoring 

Total Cost of Interim Closure 

NIA 
NIA 
NIA 

The above costs were combined with the costs for containers, packaging, characterization, 
transportation, permitting, operations, and contingency to yield the Total Life-Cycle Cost (C 4.4): 

ITotal Life-Cycle Cost I $215,900,000 I 
Because a major facility would not have to be constructed, most of the cost would be tied up in 
offsite disposal (C 4.4). Unlike the onsite alternatives considered, life cycle cost do include the 
eventual cost of offsite disposal which would include retrieval, packaging, transportation and 
disposal costs. The inclusion of these costs make this option if feasible, the least expensive of the 
options considered. 

Regulatory Support: 

These criteria are not applicable to this option, because these criteria only apply to onsite facilities. 

Other Stakeholder Concerns: 

Because this option would utilize an existing facility, issues associated with construction and the. 
availability of the technology, materials, and services do not exist (C 6.10,6.12 6.13). Some offsite 
facilities might not be able to accept all of the waste types that would be generated due permit or 
license restrictions, differing waste acceptance criteria, or restrictions based on regulation (C 6.8). 
In terms of schedule requirements, there would be no delays due to construction of the facility, 
although additional handling, packaging, and transportation facilities at the Site could be needed 
(C 6.1 1). During the operation phase, there would be delays in putting waste in the facility due to 
characterization, documentation, packaging, and acceptance requirements. Remediation waste 
would be put in temporary storage at the Site while these requirements were being addressed. 

. 
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FORWARD: 
This document was developed in the early spring of 1996. The intent was to define a typical waste 
stream based on actual analytical data in the site characterization database (Rocky Flats 
Environmental Data System). Since significant data gaps exist in the characterization of the 
Industrial Area, data from the solar ponds characterization was used to estimate a representative 
waste stream. No inferences should be made regarding actual waste streams which will be activity 
specific and subject to regulatory agency approval. The use of waste streams such as pondcrete and 
solar ponds vadose zone soils were for the sole purpose of estimating typical waste streams at 
WETS. 

Appendix G is a report titled “Estimation Of Contaminant Concentrations From Probable Leachate 
Compositions At Seep Pathways In The Vicinity Of The Waste Management Facility, Rocky Flats 
Environmental Technology Site, Colorado. ” 

Appendix A of this report , consisting of two reports as supporting documentation starts on page G- 
20. 
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1 .O INTRODUCTION 
A Waste Management Facility (WMF) has been proposed to be constructed at the Rocky Flats 
Environmental Technology Site (WETS). A conceptual level, semi-quantitative assessment of the 
maximum level of contamination that could migrate from the Waste Management Facility (WMF) 
to surface water was performed. This effort serves as part of the analysis of the facility design in 
terms of CAMU protectiveness requirements and Part 2 Siting criteria. This report presents an 
estimate of the concentrations that could result from groundwater exiting from seeps andor entering 
surface water from the WMF, given the current design. 
Based on preliminary design drawings from RMRSEngineering, the WMF will consist of a concrete 
slab, 500 by 360 feet in plan (approximately 4.13 acres). The slab will be constructed as three 
modules (500 feet long by 120 feet wide), which will be separated from each other by vertical 
concrete walls (18 feet high). A 14 foot high perimeter wall will enclose the entire slab. Various 
waste materials will be placed in the bins, including bulk wastes (contaminated soils), pondcrete (low 
strength concrete in approximately .one meter cubes), and structural steel. 
In concept, the bottom of the slab will be poured at existing grade. However, the slab will be 
underlain by a composite liner system consisting of one foot of drainage gravel, a geotextile, an 80 
mil textured HDPE geomembrane, a geotextile, a geonet leak detection layer, a geotextile, an 80 mil 
textured HDPE geomembrane, and three feet of compacted clay. 
After the various bins are filled with waste, a composite cover system will be constructed. The cover 
will include (from the top) two feet of vegetated soil with armament, a geotextile, one foot of graded 
gravel, three feet of riprap (biotic barrier), a geotextile, one foot of sand, a geotextile, an 80 mil 
HDPE geomembrane, a geosynthetic clay membrane, and two feet of compacted clay. Three 
leachate flux scenarios are addressed in this document.. Scenario 1 uses a leachate flux resulting from 
a capped and lined WMF, representing a post-closure time period. Scenario 2 uses a leachate flux 
from an uncapped, but lined WMF prior to closure. The leachate flux for these scenarios are 
estimated using a computer model. Scenario 3 is a worst case scenario, using a leachate flux equal to 
an assumed WETS recharge rate of 1 inch per year. 

2.0 METHODOLOGY 
A simple dilution calculation is used to obtain potential concentrations of groundwater exiting at 
seeps or entering surface water. In order to estimate the contamination concentrations of 
groundwater at locations where it intercepts surface water, (at seeps or the drainages) the following 
methodology was used: 
1 .  Estimate leachate concentrations; 
2. 
3 .  
4. 

In order to complete this analysis, the following assumptions were made: 

Estimate flux of leachate though the base of the WMF; 
Estimate mass of leachate constituents in leachate exiting WMF; 
Estimate concentrations of leachate constituents after mixing in groundwater below 
WMF. 

instantaneous mixing of leachate in groundwater. below WMF 

annual flux out of WMF base is at equilibrium conditions (it does not change with time) 

groundwater concentrations beneath WMF do not include existing contamination 

retardation is ignored 

no thorough flow of groundwater beneath the WMF 

contamination from the WMF leachate does not "build up" over time 

I 
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0 concentrations are estimated for a time period after the WMF has been capped. 

3.0 ESTIMATION OF LEACHATE CONCENTRATIONS 
In order to estimate the concentrations of contaminants at seep locations near the WMF, it is 
necessary to estimate the probable leachate composition. To accomplish this, the commonly used 
soiVwater partitioning equation (EPA, 1994) was used to estimate maximum concentrations for 
organic constituents a d  the leachate composition from Siders (1996) was used for metals and 
radionuclides. 
The soil/water partitioning equation is a more simplified approach than numerical transport 
modeling. Based on the unknowns regarding the analysis parameters (amount of waste in place, 
contaminant concentrations in the waste, etc.) a more simplified approach is more appropriate. 
The soiVwater partitioning equation describes the partitioning of a contaminant between solid, liquid, 
and gaseous phases under equilibrium conditions. The soiVwater partitioning equation is: 

c w  = C s / [ q  + (0, + e&')/&] 
where: 

Cw is the soil water concentration (mg/l) 
Csis the waste soil contaminant concentration (mgkg) 
Kd is the distribution coefficient (mlkg) 
0, is the water filled porosity of the waste soils (assumed to be 1.0) 
8, is the air-filled porosity of the waste soils (assumed to be 0.0) 
H' is the Henry's Law constant 
pb is the representative bulk density of the waste soils (assumed to be 1.5 g/cm ) 

3 

Leachate concentrations for volatile and semi-volatile organic compounds (VOC/SVOCs) 
contaminants were estimated by Roberts (1 996) with greater than 15% detection frequency. These 
VOC/SVOC leachate concentrations were used in this analysis for the initial leachate concentrations 
and composition for VOC/SVOCs. Roberts calculated Q values for the VOC/SVOCs using site- 
specific data. Roberts (1 996) estimation of VOC/SVOC leachate composition and concentrations are 
presented in Table 1. 
A similar approach (using the soil/water partitioning equation) was initially planned for estimating 
the leachate composition and concentrations for metals and radionuclides. Examination of Kd values 
for metals and radionuclides (used in the soiVwater partitioning equation) revealed virtually no site 
specific values and that literature values ranged over several orders of magnitude. This variability 
makes it much more difficult to derive Qs for metals than VOC/SVOCs. EPA (1994) indicates that 
the KdS for metals (and metallic radionuclides) are affected by several factors, including numerous 
geochemical processes and parameters, variability in the field, and differences in experimental 
methods. These factors result in variabilities of up to seven orders of magnitude. 
Because no meaninghl literature or site-specific values for metal KdS could be obtained, the leachate 
composition derived by Siders (1996) was used. Siders calculated a probable leachate compositions 
for metals, radionuclides, and inorganic parameters based on estimated volumes of waste to be stored 
in the WMF and available data for leachates, pore water, and groundwater from wastes and waste 
areas. Siders (1 996) estimated metals and radionuclides leachate composition and concentrations are 
also presented in Table 1. 
Roberts (1996) and Siders (1996) are contained in Appendix A as supporting documentation. 

4.0 ESTIMATION OF LEACHATE FLUX 
In order to estimate the amount of contaminants that could potentially reach surface water from the 
WMF, it was necessary to estimate the flux of fluid through the base of the WMF. This was 
accomplished using the results of two Hydrologic Evaluation of Landfill Performance (HELP) models 
and an assumed value of leachate flux. The HELP numerical code was developed for the EPA by the 
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U.S. Army Corps of Engineers. HELP is used to obtain rapid and economical estimation of water 
flux in and out of landfills. Both site-specific and literature values were used in the preparation of 
this model, which was used to evaluate the effectiveness of the proposed WMF c a p h e r  system 
design. The model was run for 100 years. 
The HELP model for the WMF consisted of 17 layers over a 10 acre site, representing the 
engineered liner and cap system. The layers are: 

Layer 1 - angular pea gravel 

Layer 2 - vegetative layer with gravel 

Layer 3 - general backfill 

Layer 4 - sandgravel 

Layer 5 - bioexclusion layer (cobbles) 

Layer 6 - sandgravel 

Layer 7 - geomembrane and geosynthetic clay liner 

Layer 8 - clay liner 

Layer 9 - general backfill 

Layer 10 - compacted waste 

Layer 11 - drainage network 

Layer 12 - concrete slab with L;ainage pipes 

Layer 13 - gravel 

Layer 14 - leachate collection membrane 

Layer 15 - geocomposite 

Layer 16 - leak detection membrane 

Layer 17 - barrier soil liner (clay). 
To evaluate a range of possibilities regarding leachate fluxes, three scenarios were examined. Two 
scenarios using HELP were examined. Scenario 1 includes both cap and liner systems (simulating 
post-closure), while Scenario 2 includes only the liner system with no cap(simu1ating pre-closure). 
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Another scenario (Scenario 3) was also considered in which the leachate flux through the base of the 
WMF is equal to an assumed recharge rate at WETS (1 incldyear). Scenario 3 would represent a 
worst-case scenario because in order for this scenario to take place, the cap/liner system would either 
have experienced complete failure or would have never been installed. It should be noted that the 
assumed recharge rate is probably greater than the actual value at Rocky Flats. 
From the HELP model scenarios, the average annual leakage through the base of layer 17 (the 
bottom clay liner) is 0.084 ft3 (2.38 liters) for Scenario 1 (cap and liner) and 0.205 ft3 (5.81 liters) 
for Scenario 2 (liner). These fluxes are probably greater than what would actually result from the 
WMF, due to the differences in the areas for the HELP models (10 acres) and the proposed design 
(4.13 acres). This is a conservative result because it would introduce more leachate into the 
groundwater. This results are only valid for the various inputs used in the model, including industry 
standard parameters, literature values, and the proposed design of the WMF. Any changes in the 
model parameter values could change the results of the model. Of course, the model is only a 
predictor of ideal conditions. Actual design and construction of the WMF will affect performance. 
It is assumed that the amount of leachate exiting the WMF is continuous and at equilibrium (it will 
not change with time). The HELP model output is contained in Appendix B. 

USING THE ASSUMED VALUE OF SITE RECHARGE (1 INCWYEAR) AND THE SAME AREA 

USED IN THE HELP MODEL (10 ACRES) RESULTS IN 36,300 FT3 (1.03 MILLION LITERS) 

OF LEACHATE EXITING THE WMF ANNUALLY. AGAIN, THIS SCENARIO REPRESENTS A 

WORST-CASE SCENARIO WHICH COULD ONLY RESULT FROM EITHER NO CAP/LINER 

INSTALLATION OR COMPLETE FAILURE OF THE CAPLINER SYSTEM. e 
5.0 ESTIMATION OF MASS/ACTIVITY OF LEACHATE CONSTITUENTS 

Using the flux exiting the WMF estimated in section 4.0, the mass (or activities for the 
radionuclides) of the leachate constituents were calculated. This was accomplished by multiplying the 
amount of the annual flux for each scenario (2.38, 5.81, and 1.03 million liters for scenarios 1, 2; 
and 3, respectively ) by the concentration of the constituents comprising the leachate. The results 
of this calculation are presented in Table 2. These results represents the masdactivities of 
contaminants available for mixing in groundwater below the WMF. 

6.0 ESTIMATION OF GROUNDWATER VOLUME BELOW WMF 
To calculate the resulting concentrations of the masdactivity of leachate constituents, it is necessary 
to estimate the volume of groundwater beneath the WMF. To obtain this volume, the average 
saturated thickness was estimated, based on water levels wells screened in the upper 
hydrostratigraphic unit (UHSU). These data are available in EG&G (1995a). Since the UHSU is 
comprised of both alluvial materials and weathered bedrock, the estimated saturated thickness 
included the thickness of the weathered bedrock. The thickness of the weathered bedrock was 
obtained from EG&G (1995b). Using a saturated thickness of approximately 35 feet, a porosity of 
0.3, and an assumed area of 10 acres, there is approximately 130 million liters of groundwater 
beneath the WMF available for mixing. 

7.0 ESTIMATION OF GROUNDWATER CONCENTRATIONS BENEATH WMF FROM 
LEACHATE 
Using the volume of groundwater beneath the WMF (estimated in section 6.0) and the mass/activity 
of the leachate constituents (estimated in section 5.0), the concentration of the groundwater from 
leachate constituents is calculated for each scenario. This is accomplished by dividing the volume of 
groundwater by the mass/activity of the constituents. This assumes instantaneous mixing of the 
November 4, 1996 G-9 



leachate and the groundwater beneath the W M F  and instantaneous appearance at surface water points 
and seeps. This is a conservative assumption, since no retardation and decay of the contaminants is 
considered. Concentrations of the leachate constituents which already exist (either naturally or 
through anthropogenic agencies) in the groundwater are not considered. 
This estimation, however, does not consider the addition of contaminants over time. Table 3 
presents the potential concentrations of groundwater beneath the WMF from leachate for each 
scenario. These concentrations represent a potential value for groundwater exiting at seeps and 
entering surface water for the given scenarios. 

8.0 CONCLUSIONS AND RECOMMENDATIONS 
These estimates represent potential concentrations for groundwater contamination from leachate. 
Assuming that this concentration reaches the surface water and seeps, it also represents a potential 
concentration that could appear at these locations. Resulting groundwater concentrations for the 
three scenarios were compared to draft RFCA (RFCA, 1996) action levels for surface water as a mean 
of evaluating the impact of the WMF. Table 4 lists the applicable RFCA surface water action levels 
for stream segment 5 (the section of Walnut Creek near the WMF). 
Any modifications to the existing HELP model and/or changes in the design of the WMF could result 
in changes to the concentrations obtained in this analysis. Actual construction of the W M F  could 
also result in differences between the predicted concentrations and observed concentrations in the 
future. 

8.1 Scenario 1 (Cap and Liner) 
The predicted concentrations, when compared with applicable surface water action levels listed in the 
draft RFCA, are much less than those levels requiring action. Because the estimated concentrations 
are very low, it appears that the design of the c a p h e r  system (as used in the HELP model) is 
sufficient to protect surface water and seeps from contamination. 
It should be noted that changing the saturated thickness from 35 feet to 5 feet (thickness of the 
alluvial part of the UHSU) will lessen the resulting volume by less than an order of magnitude. Thus, 
reduction in the saturated thickness will only increase the resulting concentrations by an order of 
magnitude. These values would still be well below the actions levels specified by RFCA. 

8.2 Scenario 2 (Liner) 
Comparison of the resulting concentrations for Scenario 2 with RFCA surface water action levels 
reveals that for most leachate constituents, the concentrations are less than the action levels. 
Because the estimated concentrations are very low, it appears that during the active life of the 
facility, while waste is being loaded into the WMF modules, the liner system is sufficient to protect 
surface water and seeps from contamination. 
Changing the saturated thickness from 35 feet to 5 feet (the thickness of the alluvial part of the 
UHSU) will lessen the resulting volume by less than an order of magnitude, thus increasing the 
groundwater concentrations by an order of magnitude. This action would not increase groundwater 
concentration above RFCA action levels for surface water. 

8.3 
Comparison of the resulting concentrations for Scenario 3 with RFCA surface water action levels 
reveals that for most leachate constituents, the concentrations are less than the action levels. Only 
for certain VOC/SVOCs (carbon tetrachloride, 1,l dichloroethane, 1,2 dichloroethene, methylene 
chloride, tetrachloroethylene, and trichloroethene) are groundwater concentrations greater than 
RFCA action levels for surface water. It should be noted that this scenario is the worst-case scenario. 
This scenario is not likely to take place because a liner would restrict leachate percolation into the 

UHSU. This scenario would either represent a complete failure of the c a p h e r  system or no 
cap/liner. 
It should be noted that changing the saturated thickness from 35 feet to 5 feet (thickness of the 
alluvial part of the UHSU) will lessen the resulting volume by less than an order of magnitude, thus 
increasing the groundwater concentrations by an order of magnitude. This modification would lead to 

Scenario 3 (Flux equals Recharge) 
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a greater number of leachate constituents exceeding the draft RFCA surface water action levels. I In 
addition to the VOC/SVOCs mentioned previously, bis (2-ethylhexyl) phthalate exceeds the draft 
RFCA surface water action levels, as do some metals (manganese, mercury, and silver) and 
radionuclides (gross alpha, gross beta, U-233/234, and U-238). 

8.4 Recommendations 
It is recommended that a transport model, using the fluxes obtained from the HELP model and the 
leachate concentrations from Roberts (1996) and Siders (1996). A numerical model could 
incorporate retardation and decay, as well as account for mass transfer from the groundwater system 
to the surface water and seeps. It may be possible to utilize the ASAP groundwater flow model, once 
it is calibrated. The ASAP modeling effort is anticipated to be calibrated by the end of August 1996. 
It is also recommended that a three-dimensional scientific visualization be constructed of the area 
where the WMF is to be constructed. RMRS Environmental Restoration has the capability to 
perform this task, which would show the relationships of geology and hydrogeology with the WMF. 
A three-dimensional model would be invaluable for integrating data and interpretations and would be 
usefid for both technical and non-technical personnel. 
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TABLES 

Table 1 : Estimated Leachate Concentrations 

Constituent 
Volatile Organic Compounds 
Acetone 

Leachate Concentrations Units 

150000 
Carbon Tetrachloride 
Chloroform 
1,l Dichloroethane 
1,1 Dichloroethene 
1,2 Dichloroethene 
Diethyl Phthalate 
Di-n-Butyl Phthalate 
Bis (2-Ethylhexyl) Phthalate 
Methylene Chloride 
Tetrachloroethylene 
1,1,1 -Trichloroethane 
Trichloroethene 
Metals 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
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2100 
3000 
3100 
2800 
16000 
12000 
3600 
140 

19000 
2000 
2500 
2500 

547 
22 
48  
133 
1.8 
8.5 

11 1230 
146 
173 
37 
59 

970 
27 
528 

17910 
550 
0.46 
3 02 
90 

165300 
5.5 



Constituent 
Silver 
sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 
Radio n u c1.i d e s 
Americium-24 1 
Cesium-1 34 
Cesium-137 
Gross Alpha 
Gross Beta 
Plutonium-239/240 
Radium 226 
Radium-228 
Tritium (total) 
Uranium-233/234 
Uranium-23 5 
Uranium-238 
Notes: 

Table 1 (cont.) 
Estimated Leachate Concentrations 

ID = Insufficient Data 
pg/L = micrograms per liter 
pCiL = picocuries per liter 

Leachate Concentrations 
10 

783800 
1640 

8 
84 
17 
60 

0.11 
ID 

0.33 
375 
230 
0.12 
1.4 
3.2 

1310 
147 
6.1 
142 
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pCi/L 
pCiL 
pCiL 
pCiL 
pCiL 
pCiL 
pCiL 
pCi/L 
pCiL 
pCiL 
pCiL 
pCiL 
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Table 2: Estimated MasdActivity of Leachate Constituents Exiting 

Constituent 
Volatile Organic 
Compounds 
Acetone 
Carbon Tetrachloride 
Chloroform 
1,l Dichloroethane 
1,l Dichloroethene 
1,2 Dichloroethene 
Diethyl Phthalate 
Di-n-Butyl Phthalate 
Bis (2-Ethylhexyl) Phthalate 
Methylene Chloride 
Tetrachloroethylene 
1 , l  , l  -Trichloroethane 
Trichloroethene 
Metals 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
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Scenario 1 

357000 
4998 
7140 
7378 
6664 
38080 
28560 
8568 
333.2 
45220 
4760 
5950 
5950 

1301.86 
52.36 
114.24 
3 16.54 
4.284 
20.23 

264727.4 
347.48 
41 1.74 
88.06 
140.42 
2308.6 
64.26 

1256.64 
42625.8 

1309 
1.0948 
718.76 
214.2 

393414 
13.09 

Scenario 2 

87 1500 
1220 1 
1'7430 
18011 
16268 
92960 
69720 
209 16 
813.4 

110390 
11620 
14525 
14525 

3178.07 
127.82 
278.88 
772.73 
10.45 8 
49.39 

646246.3 
848.26 
1005.13 
214.97 
342.79 
5635.7 
156.87 

3067.68 
104057.1 
3195.5 
2.6726 
1754.62 
522.9 

960393 
31.955 
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Scenario 3 

1.54E+11 
2.16E+09 
3.09E+09 
3.19E+09 
2.88E+09 
1.65E+10 
1.24E+10 
3.70E+09 
1.44E+08 
1.96E+10 
2.06E+09 
2.57E+09 
2.57E+09 

5.60E+08 
2.26E+07 
4.94E+07 
1.37E+08 
1.85E+06 
8.75E+06 
1.15E+ll 
1.50E+08 
1.78E+08 
3.8 1 E+07 
6.05E+07 
19.95E+08 
2.78E+07 
5.45E+08 
1.84E+10 
5.65E+08 
4.73E+05 
3.1 1E+08 
9.2 5 E+07 
1.70E+11 
5.56E+06 



' 0  Table 2 (cont.) 
Estimated Mass/Activity of Leachate Constituents Exiting WMF 

Constituent 
Silver 
sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 
Radionuclides 
Americium-24 1 
Cesium- 134 
Cesium- 137 
Gross Alpha 
Gross Beta 
Plutonium-239/240 
Radium 226 
Radium-228 
Tritium (total) 
Uranium-23 3/234 
Uranium-235 
Uranium-23 8 e 

Scenario 1 
23.8 

1865444 
3903.2 
19.04 

199.92 
40.46 
142.8 

0.26 18 
ID 

.0.7854 
892.5 
547.4 

0.2856 
3.332 
7.616 

31 17.8 
349.86 
14.518 
337.96 

Scenario 2 
58.1 

4553878 
9528.4 
46.48 

488.04 
98.77 
348.6 

.6391 
ID 

1.9173 
2178.75 
1336.3 
,6972 
8.134 
18.592 
7611.1 
854.07 
35.441 
825.02 

Scenario 3 
1.03E+07 
8.05E+11 
1.69E+09 
8.20E+06 
8.65E+07 
1.75E+07 
6.15E+07 

1.13E+05 
ID 

3.40E+05 
3.86E+08 
2.3 7E+08 
1.24E+05' 
1.44E+06 
3.29E+06 
1.35E+09 
1.51E+08 
6.2 5 E+06 
1.46E+08 

Notes: 
ID = Insufficient Data 
Mass/Activity calculated from leachate concentrations in Table 1. 
pg = micrograms (mass) 
pCi = picocuries (activity) 
Scenario 1 leachate flux = 2.38 liters. 
Scenario 2 leachate flux = 5.81 liters. 
Scenario 3 leachate flux = 1.03 million liters. 

Units 
Pg 
Pg 
pg 
PLg 
pg 
Pg 
PLg 

pCi 
pCi 
pCi 
pCi 
pCi 
pCi 
pCi 
pCi 
pCi 
pCi 
pCi 
pCi 

- 
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Table 3: Estimated Groundwater Concentrations Beneath WMF From Leachate 

Constituent 
Volatile Organic 
Compounds 
Acetone 
Carbon Tetrachloride - 
Chloroform 
1 , 1 Dichloroethane 
1,l Dichloroethene 
1,2 Dichloroethene 
Diethyl Phthalate 
Di-n-Butyl Phthalate 
Bis (2-Ethylhexyl) Phthalate 
Methylene Chloride 
Tetrachloroethylene 
1 , 1 , 1 -Trichloroethane 
Trichloroethene 
Metals 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 

November 4, 1996 

Scenario 1 

2.76E-03 
3.86E-05 
5 .5  1 E-05 
5.70E-05 
5.14E-05 
2.94E-04 
2.20E-04 
6.61E-05 
2.57E-06 
3.49E-04 
3.67E-05 
4.59E-05 
4.59E-05 

1 .O 1 E-05 
4.04E-07 
8.82E-07 
2.44E-06 
3.31E-08 
1 S6E-07 
2.04E-03 
2.68E-06 
3.18E-06 
6.80E-07 
1.08E-06 
1.78E-05 
4.96E-07 
9.70E-06 
3.29E-04 
1 .O 1 E-05 
8.45E-09 
5 . 5  5E-06 
1.65E-06 
3.04E-03 
1 .O 1 E-07 
1.84E-07 

Scenario 2 

6.73E-03 
9.42E-05 
1.35E-04 
1.39E-04 
1.26E-04 
.7.18E-04 
5.38E-04 
1.61E-04 
6.2 8E-06 
8 S2E-04 
8.97E-05 
1.12E-04 
1.12E-04 

2.45E-05 
9.87E-07 
2.15E-06 
5.97E-06 
8.07E-08 
3.8 1 E-07 
4.99E-03 
6.5 5E-06 
7.76E-06 
1.66E-06 
2.65E-06 
4.35E-05 
1.21E-06 
2.3 7E-05 
8.03E-04 
2.47E-05 
2.06E-08 
1.35E-05 
4.04E-06 
7.41E-03 
2.47E-07 
4.49E-07 

Scenario 3 

1190 
16.65 
23.8 
24.6 
22.2 
127 
95 

28.55 
1.11 
151 

15.85 
19.85 

11 

4.34 
0.175 
0.381 
1.06 

0.0143 
0.0675 

885 
1.16 

1.375 
0.294 
0.469 

7.7 
0.215 
4.19 
142 
4.37 

0.0037 
2.395 
0.72 
1310 

0.0437 
0.0795 

Units 
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Table 3 (cont.) 
Estimated Groundwater Concentrations Beneath WMF From Leachate 

Constituent 
sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 
Radionuclides 
Americium-24 1 
Cesium- 134 
Cesium-,137 
Gross Alpha 
Gross Beta 
Plutonium-239/240 
Radium 226 
Radium-228 
Tritium (total) 
Uranium-23 3/2 34 
Uranium-235 
Uranium-238 

Scenario 1 
1.44E-02 
3.01E-05 
1.47E-07 
1 S4E-06 
3.12E-07 
1.10E-06 

2.02E-09 
ID 

6.06E-09 
6.89E-06 
4.2 3.E - 0 6 
2.20E-09 
2.57E-08 
5.88E-08 
2.4 1 E-05 
2.70E-06 
1.12E-07 
2.6 1 E-06 

Scenario 2 
3.52E-02 
7.36E-05 
3.59E-07 
3.77E-06 
7.63E-07 
2.69E-06 

4.93E-09 
ID 

1.48E-08 
1.68E-05 
1.03E-05 
5.38E-09 
6.28E-08 
1.44E-07 
5.88E-05 
6.59E-06 
2.74E-07 
6.37E-06 

Scenario 3 
6200 

13 
0.0635 
0.665 
0.135 
0.476 

0.0009 
ID 

.0026 
2.98 
1.83 

0.00 1 
0.011 1 
0.0254 

10.4 
1.17 

0.0484 
1.13 

pCiL 
pCiL . 
pCi/L 
pCi/L 
pCi/L 
pCiL 
pCi/L 
pCiL 
pCiL 
pCi/L 
pCiL 
pCi/L 

Notes: 
ID = Insufficient Data 
Concentrations calculated from mass/activities in Table 3 and estimated groundwater volume 

pg/L = micrograms per liter 
pCiL = picocuries per liter 

of 130 million liters. 
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Table 4: DRAFT RFCA Surface Water Action 
Creek) 

Constituent 
Volatile Organic 
Compounds 
Acetone 
Carbon Tetrachloride 
Chloroform 
1 , 1 Dichloroethane 
1 , 1 Dichloroethene 
1,2 Dichloroethene 
Diethyl Phthalate 
Di-n-Butyl Phthalate 
Bis (2-Ethylhexyl) Phthalate 
Methylene Chloride 
Tetrachloroethylene 
1 , 1 , 1 -Trichloroethane 
Trichloroethene 
Metals 
Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
sodium 

Concentration 

365000 
5 

100 
1010 

7 
70 

29200 
3650 

6 
5 
5 

200 
5 

8700 
1400 
50 

1000 
4 
1.5 

NAL 
NAL 
50 

NAL 
16 

300 
6500 
NAL 
NAL 
50 

0.01 
1000 
123 

NAL 
10 
0.6 

NAL 

Levels for Stream Segment 5 (Walnut 

Units - 
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Table 4 (cont.) 
DRAFT RFCA Surface Water Action Levels for Stream Segment 5 

(Walnut Creek) 

Constituent 
Strontium . 
Thallium 
Tin 
Vanadium 
Zinc 
Radionuclides 
Americium-24 1 
Cesiurn- 134 
Cesiurn-137 
Gross Alpha 
Gross Beta 
Plutonium-2 3 9/240 
Radium 226 
Radium-228 
Tritium (total) 
Uranium-23 31234 
Uranium-235 
Uranium-238 

Concentrations 
NAL 
NAL 
NAL 
NAL 
141 

Notes: 
pg/L = micrograms per liter 
pCi/L = picocuries per liter 
NAL = No listed Action Level 

0.15 
NAL 
NAL 

10 
11 

0.15 
5 
5 

500 
10 
10 
10 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
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APPENDIX A - SUPPORTING DOCUMENTATION FOR LEACHATE 
CONCENTRATIONS 
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CALCULATION OF PROBABLE MAXIMUM LEACHATE CONCENTRATIONS 

ACETONE 

To assist in the design of the leachate treatment system for the Waste Management ,Facility, the 
following analysis was performed to determine the probable maximum leachate concentrations for 
the major organic contaminants found at the Rocky Flats Environmental Technology Site (WETS). 
For this analysis, the commonly used soillwater partitioning equation was used to determine the 

contaminant concentrations in interstitial water in waste soils within the Waste Cell. 

detects Detects 
67-64-1 2713 463 3176 15 

Although a more in-depth approach to estimating the leachate concentrations was considered (1D 
vertical transport modeling), the goals of the analysis (determination of maximum expected 
concentrations), and the ambiguity of the analysis parameters (amount of waste in place, 
contaminant concentrations in waste, etc.) indicated a simplified approach would be more 
appropriate. Because of the simplifying assumptions that would be adopted for 1D vertical transport 
modeling, the results from transport modeling should be very similar to those presented here. 

1060 
11 77 
341 
463 
338 
63 
45 

143 
1038 
1620 
516 

1653 

COMPOUNDS CONSIDERED IN ANALYSIS 

5636 
5654 
5686 
5678 
3213 
615 
614 
613 

5645 
5674 
5666 
5678 

To determine which volatile organic compounds (VOC) and semivolatile organic compounds (SVOC) 
to use in this analysis, the detection frequency for all VOC/SVOC compounds of concern at WETS 
was computed. Only those compounds tested for in at least 100 samples, and with a detection 
frequency of at least 5% were included in the leachate concentration calculations. The compounds 
and their detection frequency are listed in Table 1. 

TABLE 1 : Compounds Used in Analysis - 
COMPOUNDS WITH A DETECTION FREQUENCY OF AT LEAST 5% 

COMPOUND 11 CAS ID 11 Non- lDetectsITotal1 % 

CARBON TETRACHLORIDE 
CHLOROFORM 
1 , I  DICHLOROETHANE 
1 ,I -DICHLOROETHENE 
1 ,Z-DICHLOROETHENE I 

DIETHYL PHTHALATE 
DI-n-BUTYL PHTHALATE 

METHYLENE CHLORIDE 
ItlKACHLOROETHENE 

TRICHLOROETHENE 

BI S(2-ETHY LHi3YL)PHTHALATE 

1,1,1-TRICHLOROETHANE 

56-23-5 
67-66-3 
75-34-3 
75-35-4 
540-59-0 
84-66-2 
84-74-2 
1 17-81 -7 
75-09-2 
127-1 8-4 
7 1 -55-6 

I 79-01-6 

4576 
4477 
5345 
521 5 
2875 
552 
569 
470 

4607 
4054 
51 50 
4025 

I 
29 

29 
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e DETERMINATION OF LEACHATE CONCENTRATIONS 

For this analysis the VOC/SVOC contaminated soils in the waste cell were considered to be directly 
exposed to rain and snow fall. Leachate concentrations were calculated assuming the soils at the base 
of the waste soil pile were saturated. This assumption is conservative and will provide maximum 
leachate concentrations. Drainage from unsaturated soils would result in somewhat lower 
concentrations. I 

The saturated-soil, contaminant water concentrations were calculated using the soil-groundwater 
partitioning equation, as presented in EPA (1994). This equation describes the partitioning of a 
contaminant between solid, liquid, and gaseous phases assuming equilibrium conditions. It is assumed 
that the concentrations of the interstitial water in the soil waste is representative of the maximum . 

concentrations of any leachate that would be collected from the waste cell facility. Dilution from 
other waters collecting in the waste cell are not considered in these calculations. The soiywater 
partitioning equation is defined as: 

where: 
C, is the soil water concentration 
C, is the contaminant concentration in the waste soils 
Kd is the soil-water partitioning coefficient 
8, is the water-filled porosity of the waste soils 
8, is the air-filled porosity of the waste soils 
H’ is the Henry’s Law constant 
P b  is the representative bulk density of the waste soils 

The contaminant concentrations in the waste soils were assumed to be equal to the values defined by 
the Universal Treatment Standards (UTS) (Table 2). These values were selected because soils placed 
in the waste cell will be required to meet the UTS criteria. In many cases, the concentrations of 
contaminants in the soils placed in the cell will be significantly lower than those defined by the UTS. 
This is because of the efficiency of the soil treatment technology and/or low initial soil 

concentrations. 

Because waste soils will be coming from various locations within WETS, values representative of 
sitewide conditions at WETS were used for several of the parameters during the calculations. The 
partitioning coefficients (Kd), which are chemical specific, were computed using the appropriate 
chemical specific parameters, and representative WETS sitewide values for environmental 
parameters. The water filled porosity (e,) and soil bulk density (Pb) were assumed as 0.40 and 1.5 
gm/cm3 respectively. Since the soils were considered saturated, the Henry’s Law constant and air 
filled porosity values were not used in the calculations. 

Table 2 presents the computed maximum soil water (leachate) concentrations. In addition, the 
partitioning coefficients (Kd) and UTS soil concentration data used in the calculations are also listed. 
For comparison purposes the maximum soil concentration observed to date for each compound at 

WETS is also listed. Contaminant concentrations greater than those historically observed may be 
encountered during fill scale excavation of contaminant source areas. 
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TABLE 2: Computed Leachate Concentrations 

2.5 
1.8 
1.7 
1.9 
1.6 
2.1 
7.5 
198 

1.3 
2.7 
2.2 
2.2 

ACETONE 
CARBON TETRACHLORIDE 
CHLOROFORM 
1 ,I DICHLOROETHANE 
1,l DICHLOROETHENE 
1,2 DICHLOROETHENE 
D I M  PHTHALATE 
DI-n-BUTYL PHTHALATE 

PHTHALATE 
METHYLENE CHLORIDE 
TETRACHLOROETHYLENE 

TRICHLOROEMENE 

B IS(2-ETHY LH EXYL) 

1,l ,l-TRICHLOROEMANE 

E 
E 
E 
E 

3c 
28 
28 
28 

. 3a 
e 
6 
6 

Concen. 

1 25000 
63 

0.049 
2 

1.2 
3.1 
43 

190 

2400 
13000 

240 
16 

(ml/g)l ( mg/kg) 
0.801 16C 

2.1 

3.1 
2.8 
16 
12 

3.6 
0.14 

19 
2.0 
2.5 
2.5 

3.0 

Soil 

mg/L) 
51 001 i5a 

a 
REFERENCES 

EPA, 1994, Soil Screening Guidance (Draft), EPN540/R-94/101. 
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1 .O INTRODUCTION 
0 

The composition and volume of wastes to be placed in the proposed Waste Cell at Rocky Flats 
Environmental Technology Site (WETS) were evaluated as part of the preparatory analysis for 
design and construction of the Cell. This report presents an assessment of the inorganic constituents 
in the waste, as well ageestimations of the probable composition of leachate that may emanate from 
wastes stored in the Cell. 

Wastes to be disposed of in the Cell include a variety of materials from a number of Operable Units 
(OUs) at WETS. The estimated proportions, by volume, of waste to be placed in the cell are as 
follows: 

OU4 vadose-zone soils 
OU4 pondcrete 
OU2 903 Pad and Lip 
OU4 asphalt liners 
OU4 subgrade & subsoils 
OU4 sludge 
OU9 tanks 14 & 16 
OU2 mound area 
OU2 trenches T-5 to T-11 
OU2 trench T-1 
OU4 debris 
OU9 tanks 9 & 10 
OU2 trcnch T-3 
OU2 trench T-4 
OUlO tank 40 
IDM wastes 
OU1 IHSS 119.1 
Misc. hot spots 

24.1% 
14.5% 
14.5% 
14.2% 
14.2% 
7.2% 
4.0% 
1.8% 
1.2% 

0.8% 
0.6% 

1.2% 

0.3% 
0.3% 

0.2% 
0.2% 
0.1% 
0.1% 

Chemical analyses of solid materials and groundwater from these areas, in addition to analytical data 
for leachates derived from Operable Unit 4 (OU4) pondcrete and sludges, were compiled and 
evaluated for this assessment. Data used in this analysis were retrieved from the Rocky Flats 
Environmental Database System (WEDS) and from treatability reports for OU4 pondcrete and 
sludges. Only data for inorganic constituents are evaluated here; data for organic compounds were 
evaluated as a separate task. 

Analytical data for subsurface soils (i.e., borehole data) and groundwater were obtained from WEDS. 
These data were compiled as SAS7 data sets, prepared following standard data-cleanup protocols, and 
statistically summarized. Locations for which borehole and groundwater data were available are listed 
in Tables 1 and 2, respectively. 
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Table 1. 
Sampling Locations with Data Available for Subsurface Soils 

Metals 

02695 
02795 
02895 
02995 
04795 
04895 
04995 
05095 
06591 
06691 
06791 
06891 
06991 
07091 
07191 
07291 
07391 
07891 
07991 
08091 
08191 
08291 
08391 
08491 
08591 
08691 
08791 
08891 
08991 
09091 
09191 
09391 
09591 
09891 
09991 
10191 
10291 
10491 
10591 

13091 
21793 
40293 
40393 
40593 
40793 
40993 
41 293 
41 593 
41793 
421 93 
42493 
42593 
431 93 
43393 
43693 
43793 
44093 
44393 

B217589 
BH2287 
BH2387 
BH2487 
BH3587 
BH3687 
BH3787 
BH3987 
BH4087 
BH4287 
BH4387 
BH4687 
BH4887 
BH4987 
BH5087 
BH5187 
BH5287 
BH5387 
BH5487 
BH5587 

Radionuclides 

02695 
02795 
02895 

. 02995 
04795 
04895 
04995 
05095 
06591 
06691 
06791 
06891 
06991 
07091 
07191 
07291 
07391 
07891 
07991 
08091 
081 91 
08291 
08391 
08491 
08591 
08691 
08791 
08891 
08991 
09091 
09191 
09391 
09591 
09891 
09991 
10191 
10291 
10491 
10591 

13091 
21 793 
40293 
40393 
40593 
40793 
40993 
41 293 
41593 
41793 
42193 
42493 
42593 
43193 
43393 
43693 
43793 
44093 
44393 

821 7589 
BH2287 
BH2387 
BH2487 
BH3587 
BH3687 
BH3787 
BH3987 
BH4087 
BH4287 
BH4387 
BH4687 
BH4887 
BH4987 
BH5087 
BH5187 
BH5287 
BH5387 
BH5487 
BH5587 

Asterisk (*) indicates that data were not available for this location 

" 'Wa te r-Q ua I i 

02695 
02795 
02895 
02995 

* 
t 

t 

06591 
06691 
06791 
06891 
06991 
07091 
07191 
07291 
07391 
07891 
07991 
08091 
08191 
08291 
08391 
08491 
08591 
08691 
08791 
08891 
08991 
09091 
09191 
09391 
09591 
09891 
09991 
101 91 
10291 
10491 
10591 

13091 
21793 
40293 
40393 
40593 
40793 
40993 
41 293 
41 593 
41793 
421 93 
42493 
42593 
431 93 
43393 
43693 
43793 
44093 
44393 

821 7589 
BH2287 
BH2387 
BH2487 
BH3587 
BH3687 
BH3787 
BH3987 
BH4087 
BH4287 
BH4387 
BH4687 
BH4887 
BH4987 
BH5087 
BH5187 
BH5287 
BH5387 
BH5487 
BH5587 
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Table 2. 
Sampling Locations with Data Available for Groundwater Samples 

Metals 
Dissolved 

* 
4 

* 
* 
* 
* 
* 

06591 
06691 
06791 
06891 
06991 

07191 
07291 
07391 
07891 
07991 

* 

* 
* 
* 

08891 
09091 
13091 

B2 1 7589 

Total 

* 
* 

02895 
* 
* 
* 
* 

06591 
0669 1 
06791 
06891 
0699 1 

07191 

07391 
07891 
0799 1 

* .  

* 

* 
* 
* 

08891 
09091 
13091 

* 

Radionuclides 
Dissolved 

* 
* 
* 
* 
* 
* 
* 

06591 
0669 I 
06791 
0689 1 
06991 

07191 
07291 
07391 
0789 I 
07991 
08091 

* 

* 
* 

08891 
09091 
13091 

B217589 

Asterisk (*) indicates that data were not available for tt 

Total 

* 

02795 

02995 

* 

* 
* 
* 

06591 
06691 
06791 
06891 
06991 

07191 
07291 
07391 
07891 
07991 
08091 

* 

' *  
* 

08891 
09091 
13091 

B217589 

i location. 

Wate r-Qual ity 
Unfiltered * 

02695 
02795 
02895 
02995 
04795 
04895 
04995 
06591 
06691 
06791 
06891 
06991 

071 91 
07291 
07391 
07891 
07991 
08091 
08391 
08591 
08891 
09091 
13091 

B217589 

* 

, 

* Samples collected for analysis of anions and water-quality paramters are not filtered; 
however, anions are assumed to exist in the dissolved state. 
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Data for OU4 vadose-zone waters were obtained from tables in the OU4 Proposed I M / M  EA 
Decision Document, dated February 10, 1995 (EG&G, 1995a). Data for OU4 pondcrete and sludges 
were available in Treatubility Study Report and Process Formulation Report for Pondcrete (EG&G, 
1995b) and Treatability Study Report and Process Formulation Report for Pond Sludge and Clarifier 
(EG&G, 1995~).  Unfortunately, the data presented in these treatability studies do not include major- 
ion compositions of the leachates; only data for selected radionuclides and trace metals, nitrate, and 
pH are given. Without major-ion data, standard geochemical modeling cannot be performed for the 
pondcrete and sludge leachates. 

2.0 DATA ANALYSIS 

Standard data-treatment protocols for WEDS data call for the exclusion of QC data from the real- 
sample data, removal of rejected data (validation code = "R"), and .the standardization of units and 
analyte names. Computation of summary statistics used a simple replacement value of one-half the 
result for nondetects. One-half the result was used instead of one-half the detection limit, in order to 
minimize the problems associated with high-value detection limits (Le., the contract-required 
reporting limits [CRDL]) reported in the detection-limit field for some records. 

Because distributional testing was not performed, these summary statistics should be considered only a 
general approximations of the true mean. In addition, the user should be cognizant of the detection 
rate for each analyte; as the detection rate decreases, the calculated mean value is generally less 
representative of the true population mean (i.e., the mean becomes more strongly influenced by the 
nondetect replacement values). Subsurface-soil data for background and waste populations were 
compared using analysis of variance (ANOVA) testing (Wilcoxon Rank Sum). Electronic data were 
not available to conduct ANOVA testing for pondcrete and sludge samples. Results of the ANOVA 
testing, as well as a discussion of their meaning, are given in the following sections. 

2.1 Subsurface Soil 

Data for subsurface soils were available for borehole locations in the 903 Pad and Lip Area, OU2 
Mound Area, OU2 Trench T-1, OU2 Trench T-3, OU2 Trench T-4, OU2 Trenches T-5 through T- 
11, OU9 Tanks 9 & 10, OUlO Tank 40, and OU4 (see Table 1). The largest volume of subsurface 
soils to be placed in the Cell are the vadose-zone soils of OU4. These subsurface soils comprise an 
estimated 24.1%, by volume, of all wastes destined for the Cell. 

Overall detection rates were calculated for each analyte in the subsurface-soil medium. Quality 
parameters, such as pH, were also evaluated for these soils. In general, the subsurface soils exhibit a 
neutral to alkaline condition; pH ranges from 6.23 to 11 .O, with a mean value of 8.1. Most metals 
and radionuclides are less leachable under neutral to alkaline conditions than under a lower pH (i.e., 
more acidic), so a mean pH of 8.1 is favorable for decreasing the mobility of most constituents of 
concern. However, the mobility of anionic species, such as nitrate, is not greatly dependent on pH. 
To put the inorganic composition of the waste soils in context, data for soils destined for the Cell 
were compared with data for background subsurface soils. Background data were obtained on diskette 
from the Background Geochemical Characterization Report (DOE, 1993); only data for the upper 
hydrostratigraphic unit (UHSU) were used. Summary statistics and detection rates for inorganic 
analytes in both groups (Le., waste and background) are shown in Tables 3a and 3b. However, the 
numbers shown here for the waste soils do not include the data for OU4 pondcrete and sludges, which 
are estimated to comprise 2 1.7 percent (by volume) of all waste destined for the Cell. Pondcrete and 
sludges are addressed separately in Sections 2.4 and 2.5 of this report. 

The comparison of waste soils and background soils provides a sort of "reality check'' for the general ' 

nature of the waste. As shown in the right-hand column of Table 4, the results of nonparametric 
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ANOVA (Wilcoxon Rank Sum) indicate whether or not the two groups (Le., waste soils and 
background soils) show statistically significant differences in composition. Taken at the 95-percent 
confidence level, a p-value of <0.05 indicates a significant difference. Of course, the results of any 
statistical analysis must be subjected to the scrutiny of professional judgment. A good point in case is 
the insignificant p-value obtained for tritium. Clearly, some of the waste soils contain substantially 
higher levels of tritium than do the background soils; however, the huge variance in tritium activities 
seen for waste soils produces huge uncertainties (i.e., the assumption of equal variances is violated), 
and, consequently poor power of discernment for the statistical tests. In such cases, an alternative 
statistical test, such as the quantile test, would have more power than the Wilcoxon test to detect 
differences between the two populations. 

Concentrations of nitratehitrite in waste materials are obviously higher than those in background 
soils, but a significant p-value is not seen, due to the statistical violations discussed in the previous 
paragraph. The large variances seen for nitratelnitrite concentrations and tritium activities 
invalidate the negative ANOVA results for these analytes. The mean and standard deviation for 
these two analytes, clearly indicate that some of the waste soils contain levels of nitratehitrite and 
tritium that are well above those seen for background soils. Overall, based on results of the ANOVA 
testing, the waste soils contain significantly higher levels of arsenic, calcium, americium-24 1, cesium- 
137, gross alpha, plutonium-239+240, tritium, uranium-233+234, uranium-235, and uranium-238. 

2.2 OU4 Vadose-Zone Water 

Pore water from the vadose zone in OU4 was collected in a series of lysimeters installed as part of 
the Phase-1 vadose-zone monitoring in OU4. Data for OU4 pore waters were obtained from tables 
in the OU4 Proposed IM/IRA EA Decision Document, dated February 10, 1995 (EG&G, 1995a), and 
are compiled here as Tables 5 and 6. 

As discussed in the OU4 Decision Document, analyses of pore-water samples and soil materials from 
the same location were used to derive an estimated, chemical-specific partition coefficient, &, for 
selected trace metals, radionuclides, and nitrate. These & values, along with values obtained from 
the literature were presented in the Treatability Reports for pondcrete and sludges (EG&G, 1995b and 
1995~) .  
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Table 3a. 
Summary of Data for Subsurface Soils: Waste Boreholes 

354 
333 
354 
354 
353 
320 
354 
247 
354 
354 
354 
354 
354 
243 
354 
354 
354 
239 
354 
354 
354 
216 
351 
354 
354 
353 
242 
354 
354 

148 
12 

275 
208 
55 
35 
304 
154 
276 

31 9 
44 
318 
305 
346 
13 

333 
152 
155 
315 
6 

336 
342 
237 
352 

Analyte 

' 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel ' 

Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Ammonia 
Chromium IV 
Cyanide 
NitratelNitrite 
Oil 8 Grease 
Petroleum Hydrocarbon 
Sulfide 
TOC 
PH 

Americium-241 
. Cesium-134 
Cesium-1 37 
Gross alpha 
Gross beta 
Plutonium-238 
Plutonium-239+240 
Radium-226 
Radium-228 
Strontium-89+90 
Strontium-90 
Tritium 
Uranium-233+234 
Uranium-235 
Uranium-238 

Summary statistics calculated 

N I%Detects 

100.0 
4.8 

92.7 
86.2 
45.9 
39.4 
99.7 
69.2 
99.2 
66.4 
91.2 

100.0 
100.0 
84.0 
94.9 

100.0 
26.8 
21.3 
84.5 
78.5 
4.5 

98.2 
10.5 
57.1 
85.0 
16.4 
28.1 
97.7 
99.7 

32.4 
16.7 
12.7 

80.3 
23.6 
97.1 
9.9 

98.7 
100.0 

81.5 
100 
90.9 

100.0 
100.0 

100 
88.0. 
94.7 

100.0 
75.2 

100.0 
74.4 

100.0 
90.7 

100.0 

I 

I 

Min 

931 
1.6 
0.3 
16.8 

0.055 
0.145 
500 
225 
1 .o 
0.6 
1 .8 

1010 
1.2 

0.115 
231 
1.3 

0.023 
0.415 
2.15 
100 
0.08 
1.35 
0.16 
0.8 
6.9 

0.095 
1.55 
5.0 
2.0 

0.155 
0.265 
0.07 
0.0 
0.85 
2.93 
1 .o 
31.2 
6.23 

-0.06 
0.005 . 
-0.8 
-7.9 
2.54 

-0.002 
-0.11 
0.23 
0.50 
-0.50 
-0.21 
-570 
0.045 

0.23 

s assessment, 

-0.005 

G-30 

Max 

39100 
22.4 
30.8 
41 50 
22.9 
547 

232000 
11 6.5 
304 
78.1 
132 

50800 
278 
50.8 
6300 
3140 
6.00 
19.0 
173 

12600 
3.4 

14000 
96.5 
5990 
220 
1 .oo 
91.1 
82.2 
437 

8.6 
.0.86 
43 

6100 
508 
394 
200 

19200 
11.0 

25.0 
0.15 
4.7 
380 
56.7 

0.205 
94 
1.9 

3.00 
1.10 
1.08 

62000 
192 
11.5 
113 

Mean 

9940 
5.2 
5.8 
120 \ 

0.71 
5.5 

22900 
19.0 
14.6 
6.6 
12.3 

12710 
13.4 
7.5 

2276 
247 

0.088 
2.0 
14.7 
1325 
0.34 
920 
1.4 
41 9 
45.4 
0.46 
18.0 
26.7 
41.8 

0.56 
0.40 
0.98 
119 
15.3 
134 
42.6 
982 
8.1 

0.277 
0.078 
0.11 
26 

22.9 
0.036 
1.13 
0.67 

1.460 
1.76 
0.39 
1537 
1.75 

0.118 
1.44 

iuming a normal distribution 

Std. Dev. 

4907 
2.5 
4.9 
332 
1.23 
41.3 

41010 
27.6 
24.4 
6.0 
9.8 

7225 
28.4 
6.8 
979 
391 

0.328 
2.5 
15.4 
1074 
0.34 
1535 
6.3 
791 
39.5 
0.37 
12.3 
12.8 
42.6 

1.15 
0.22 
2.94 
529 
76.2 
114 
49.9 
2083 
0.5 

1.696 
0.036 
0.39 
32.4 
7.4 

0.062 
7.09 
0.26 
0.51 
0.24 
0.55 
5764 
10.51 
0.749 
6.21 

Units 

MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 

MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGlKG 
MGIKG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 

MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 

PH 

PCilG 
PCilG 
PCilG 
PCUG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCUG 
PCilG 
PCilG 
PCilG 
PCilG 

'MGIKG 



Table 3b. 
Summary of Data for Subsurface Soils: Background Boreholes 

Analvte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silver 
Silicon 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Ammonia 
Chromium IV 
Cyanide 
NitratelNitrite 
Oil 8 Grease 
Petroleum Hydrocarbon 
Sulfide 
TOC 
PH 

Americium-241 
Cesium-1 34 
Cesium-137 
Gross alpha 
Gross beta 
Plutonium-238 
Plutonium-239+240 
Radium-226 
Radium-228 
Strontium-89+90 
Strontium-90 
Tritium 
Uranium-233+234 
Uranium-235 
Uranium-238 

Summary statistics calculati 

N 

98 
66 
99 
99 
99 
81 
99 
95 
99 
99 
99 
99 
99 
99 
99 
99 
86 
99 
96 
98 
82 
83 

99 
99 
75 
92 
99 
98 

98 

89 

97 

28 

99 
99 
99 

99 
83 
83 
99 

99 
99 
99 
99 

or RFED 

* 

% Detects 

99.0 
15.2 
70.7 
88.9 
81.8 
7.4 

99.0 
1.1 

84.8 
22.2 
95.0 

100.0 
99.0 
61.6 
96.0 

100.0 
25.6 
50.5 
85.4 
52.0 
2.4 

39.8 

17.2 
36.4 
4.0 

27.2 
98.0 
92.9 

* 
* 

39.8 

16.8 

100.0 

"100" 

"1 00" 
"100" 
"100" 

"1 00" 
"1 00" 
"1 00" 
"100" 

"100" 
"100" 
"100" 
"100" 

data compiled 

* 

* 

Min 

279 
0.95 
0.27 
12.9 
0.45 
0.08 
580 
81.8 
2.1 
1.9 
2.2 

1300 
2 

1.4 
356 
37 

0.025 
1 

4.3 
186 
0.11 
0.3 

63 
10.2 
0.1 
10.1 
4.2 
0.5 

0.5 

1.0 

6.1 

. 
-0.015 

0 
5 
6 

-0.01 
0.5 

0.50 

t 

-0.60 . 
-1 50 
0.2 
0 

0.2 

r this assess1 

102000 
23.5 
41 .8 
777 
23.5 
1.5 

157000 
1415 
176 
51.4 
123 

132000 
39.8 
83.2 

32500 
3330 
2.95 
67.6 
193 

18700 
6.8 

40.9 

3680 
242 

2.45 
441 
283 
486 

t 

7.1 

43000 

9.1 

0.01 

0.2 

44 

0.03 
1.3 

2.20 
1.20 

440 
8.9 
0.2 
3.2 

!nt, assuming 

4a 

Mean 

12710 
4.5 
3.6 
96.1 
4.7 
0.6 

7053 
130.0 
18.8 

. 6.4 
12.6 

14530 
10.8 
10 

2853 
, 218 

0.19 
10.9 
19.8 
1404 
0.9 
5.6 

304 
52 
0.5 

62.5 
31.5 
36.3 

. *  
* 

1.3 

485 

8.0 

-0.002 

0.012 

24.7 

0.004 
0.75 
1.40 
0.03 

142 
0.78 
0.02 
0.73 

normal distri 

24.9 

Std. Dev. 

11330 
3.7 
4.4 
96.6 
4.8 
0.3 

16180 
135 
24.7 
7.1 
12.8 

13260 
7.1 
8.5 

3246 
342 
0.34 
8.6 

20.6 
2064 
1.2 
9.5 

422 
48.3 
0.5 
112 
28.5 
51.4 

1.1 
t 

4558 

0.7 

0.007 

0.041 
9.3 
6.1 

0.007 
0.23 
0.32 
0.36 

127 
0.93 
0.05 
0.38 

* 

ition. 

Units 

MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 

MGlKG 
MGlKG 
MGIKG 
MGIKG 
MGlKG 
MGlKG 

MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 

PH 

PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 
PCilG 

Asterisk-r) indicates that data are not available. The "100 indicates that no records were qualified as nondetects. 
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ANALYTE 

3.8 
96.1 
4.7 

7052 

18.8 
6.4 

12.6 
14530 

10.8 
10.0 
2853 
21 8 
0.19 
10.9 
19.8 
1404 

ND 

304 
52.0 

62.5 
31.5 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadium 
Calcium 
Cesium 
Chromium 
Cobalt 

Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Americium-241 
Cesium-134 
Cesium-137 
Gross alpha 
Gross beta 
Plutonium-238 
Plutonium-239+240 
Radium-226 
Radium-228 
Strontium-89+90 
Tritium 
Uranium-233+234 
Uranium-235 
Uranium-238 
Ammonia 
Chromium-VI 
Cyanide 
NitratdNitrite 
Oil and Grease 
Petro. Hydrocarb 
Sulfide 
TOC 
PH 

Copper 

12.4 
290 
14.3 

39410 

68.2 
20.6 
38.2 

41046 
25.0 
27.0 
9345 

902 
0.67 
28.1 

61.0 
5532 

ND 

1148 
149 

286 
88.5 
139 

0.01 
ND 

0.09 
43.5 
36.8 
ND 

0.02 
1.21 
2.04 
0.75 
396 
2.6 

0.11 
1.5 
ND 
ND 
ND 
3.4 
ND 
ND 

ND 
9.4 

Table 4. 
Comparison of Concentrations of Inorganic Constituents in 

Waste-Cell Subsurface Soils vs. Background Subsurface Soils 

MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 

PCUG 
PCUG 
PCUG 
PCiG 
PCUG 
PCUG 
PCVG 
PCUG 
PCUG 
PCUG 
PCUL 
PCUG 
PCiG 
PCUG 

MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 
MGlKG 

ETECTION: 
Waste Cel 

100.0 
4.8 

92.7 
86.2 
45.9 
39.4 
99.7 
69.2 
99.2 
68.4 
91.2 

100.0 
100.0 
84.0 
94.9 

100.0 
26.8 
21.3 
84.5 
78.5 
4.5 

98.2 
10.5 
57.1 
85.0 
16.4 
28.1 
97.7 
99.7 

81.: 
1 oc 

90,s 
1 oc 
1 oc 
1 oc 

88.0 
94.7 
1 oc 

75.2 
74.4 
1 oc 

90.7 
1 oc 

32.4 
16.7 
12.7 
80.9 
23.E 
97.1 
9.9 

98.7 
1 oc 

41.8 36.3 

0.277 0.00 
0.078 ND 
0.1 1 0.01 

26.0 24.9 
22.9 24.7 

0.036 ND 
1.13 0.00 
0.67 0.74 
1.46 1.40 
0.18 0.03 
1537 142 
1.75 0.78 
0.12 0.02 
1.44 0.73 
0.56 ND 
0.4 ND 

0.98 ND 
119 1.2 
15.3 ND 
134 ND 

. .  
982 ND 
8.1 8.0 

NA = Not Applicable; ND = No Data: - = < 2( 

127 

3.67 
0.15 
0.89 
90.8 
37.7 
0.16 
15.3 
1.19 
2.47 
0.66 

13065 
22.0 
1.62 
13.9 
2.9 
0.83 
6.8E 
1177 
168 
362 

5148 
9.1 

UHSU Bkg 
99.c 
15.2 
70.7 
88.E 
8l. t  
7.4 

99.0 
1.1 

84.8 
22.2 
95.0 

100.0 
99.0 
61.6 
98.0 

100.0 
25.6 
50.5 
85.4 
52.0 
2.4 

39.8 
17.2 
36.4 
36.4 
4.0 

27.7 
98.0 
92.9 

"1 00 
"100 
"1 00 
"1 00 
"100 
"100 
"1 00 
"1 00 
"1 00 
"100 
"100 
"100 
"1 00 
"1 00 

NC 
NC 
NC 

39.1 
NC 
NC 

16.1 
NC 
101 

Detects. Mea 

HIGHER 
% DETEC 

Cell 
Back 
Cell 
Back 
Back 
Cell 
Cell 
Cell 
Cell 
Cell 
Back 

Cell 
Cell 
Back 

Cell 
Back 
Back 
Cell 
Cell 
Cell 
Back 
Cell 
Cell 
Cell 
Cell 
Back 
Cell - 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
Cell 
NA 
NA 

Back 
NA 

5.8 
120 
0.7 
5.5 

22900 
19.0 
14.6 
6.6 

12.2 
12710 

13.4 
7.5 

' 2276 
' 247 
0.09 
2.0 
14.7 
1325 

920 

419 
45.4 

18.0 
26.7 

15.6 
784 
3.2 

88.1 
104910 

74.2 
63.6 
18.6 

32.0 
27160 

70.2 
21.1 

4234 
1028 
0.75 
7.0 
45.5 
3473 

3990 

2000 
124 

42.6 
52.3 

01 Calculated: "100" means 100% detection is assumed (per DOE Order 5400.1). 

Nonparametric ANOVA testing was performed using the Wllwxon Rank Sum test: please see text for discussion and qualification of lhese results. 
An @ indicates that the Wllwxon test is significant (P-value c 0.05). 

G-32 

Vllcoxon 
p-values 
0.0155 Q 

0.0001 Q 

0.0001 Q 

0.0001 Q 

0.4236 

0.0040 Q 
0.1184 
0.9263 
0.0651 
0.3489 

0.1410 
0.6382 

0.0010 Q 

0.0001 Q 
0.0001 Q 
0.0001 Q 
0.8680 

NA 

0.5814 
0.5690 

0.9318 
0.0533 
0.0713 

0.0001 Q 

0.0001 Q 
NA 

0.0481 Q 
0.0046 Q 

NA 

0.0037 Q 
0.6431 

0.1 770 
0.0005 Q 

0.0001 Q 

0.0001 Q 

0.0001 Q 
0.0001 Q 

NA 
NA 
NA 

NA 
NA 

NA 
0.5194 

0.4491 



Table 5 .  
Pore-Water Data for pH and Specific Conductivity 

Lysimeter 
Location 

40293 
40393 
40593 
40793 
40993 
40993 
41293 
41 593 
41793 
42493 
42493 
42893 
43193 
431 93 
43693 
43793 
43793 
44093 
44093 
44393 
44393 

PH Specific Conductivity (US) 
Range 

10.8-12.6 
10.8-1 2.9 
7.9-9.1 
9.8-10.9 
6.8-1 0.3 
6.9-1 0.9 
9.0-1 1 .o 
6.2-9.0 
7.8-12.2 

NA 
7.0-7.8 
7.0-7.8 
7.4-7.9 
6.5-7.3 
7.0-7.8 
7.1-9.7 
8.1-1 1.4 
6.9-9.6 
8.0-8.5 
7.3-9.8 

9.9-1 1.5 

Mean 

11.7 
11.6 
8.5 
10.2 
9.0 
9.5 
10.1 
6.8 
9.8 
7.6 
7.3 
7.3 
7.7 
7.0 
7.4 
8.2 
10.8 
8.0 
8.2 
8.5 
10.4 

Range 

2.06-5.0 1 
1.62-2.58 
1.78-1.88 
0.52-1.18 
8.14-19.9 

NA 
1.1 1-2.68 
1.24-1 9.9 
1.06-7.61 

NA 
1.43-2.64 
0.77-2.47 
2.764.55 
8.55-1 1.22 
4.36-19.9 
1.15-2.90 
2.18-3.84 
0.51-1.29 
2.57-3.20 
0.50-1.35 
0.86-2.50 

Summary data from OU4 IMIIRA EA Decision Document, Draft February 10, 1995. 

NA = Not applicable. 

Mean 

3.54 
1.94 
1.83 
0.81 
16.18 
19.99 
2.24. 
15.04 
2.27 
2.04 
2.22 
1.93 
3.25 
9.72 
18.19 
2.1 1 
3.02 
0.90 
2.91 
1.03 
1.09 
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Table 6. 
Summary of Pore-Water Data for OU4 Lysimeters 

Analyte 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
Copper 
Iron 
Lead . 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Nit ratelN i t rite 
Sulfide 
Cyanide 

Americium-241 
Gross alpha 
Gross beta 
Plutonium-239+240 ' 

Radium-226 
Radium-228 
Strontium-89+90 
Total Radiocesium 
Tritium 
Uranium-233+234 
Uranium-235 
Uranium-238 

ummary data from OU4 IMlll 

N 

67 
66 
66 
67 
66 
68 
66 
27 
66 
67 
68 
69 
70 
27 
65 
69 
70 
26 
66 
67 
66 
26 

66 
26 
67 
27 
66 
69 

77 
13 

69 

18 

1 
15 
15 
1 
9 
2 
1 
1 
14 
14 
14 
15 

€A Deci! 

YO Detects 

37.3 
56.1 
90.1 
86.6 
56.1 
14.7 
95.4 
11.1 
60.1 
58.2 
14.7 

47.1 
66.7 

73.9 
0.0 

63.8 

87.7 

53.8 
68.2 
91.0 ' 

74.2 
96.2 
24.6 

96.2 
56.7 
0.0 

71.2 
75.4 

97.4 
46.2 
11.1 

0.0 
66.7 

100.0 
100.0 
100.0 
100.0 
100.0 

0.0 
35.7 

100.0 

100.0 

n Document, Drz 

98.5 

85.7 

Min 

25 
0 
0 
0 
0 
3 
0 
39 
0 
0 
6 

- 1  
24 
0 
1 

ND 
26 
0 
0 
0 

1 1300 
4 
0 

190 
0 

ND 
0 
6 

4 
1 
0 

ND 
4 
4 
0 
0 
3 
1 

ND 
620 
I 
0 
0 

February 10, 1 

28 

Max 

10700 
ND 
120 
1470 
ND 
54 

3490000 
75 

10200 
21 00 
900 

37400 
1110 
61 70 

236000 
131 00 

ND 
3660 
6460 

1 1400000 
19 

. 21 
288000 

24000000 
20100 

ND 
730 
1270 

17600000 
43000 
1000 

ND 
6300 
5400 
0.01 3 

6 
5 
1 

ND 
5600 
3400 
120 

3700 

35. ND = noti 

89 

Mean 

984 
ND 
8.4 
122 
ND 
14 

1 10200 
59 

255 
60.2 
107 

48.2 

201 20 
925 
ND 
547 
160 

308700 
1.4 

71320 
10.3 

905400 
261 3 
2.3 . 

ND 

104 

1064020 
17900 
500 

ND 
706 
433 

0.01 3 

4.150 
0.60 
ND 

274 

264.5 

1 aoo 

984 

24.8 

I .a04 

2384 

I I .48 

fined. 

Units 

UGIL 
UGIL 
UGIL 
UGIL 
UGIL 
UGlL 
UGIL 
UGIL 
UGlL 
UGIL 
UGIL 
UGIL 
UGlL 
UGlL 
UGIL 
UGIL 
UGIL 
UGlL 
UGIL 
UGlL 
UGIL 
UGIL 
UGlL 
UGlL 
UGlL 
UGIL 
UGlL 
UGlL 
UGIL 

UGIL 
UGIL 
UGIL 

P C i1L 
PCilL 
PCiIL 
PCilL 
PCilL 
PCilL 
PCilL 
PCilL 
PCiIL 
PCiIL 
PCilL 
PCiIL 
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The formula used to calculate I(d values from lysimeter data was as follows: 

These derived I(d values were then refined through model calibration (EG&G, 1995b). In addition, 
the I(d values from litebature sources were also reviewed for comparison to these calculated I(d values 
(see Tables 7a and 7b). 

In addition to using Ki,, values to determine what concentration in soils will lead to exceedances of 
groundwater standards, the geochemical modeling of vadose-zone water (Le., pore water) would be 
helpful in providing a picture of rocWwater interaction under varying Eh-pH conditions. 
Unfortunately, analyses of major anions (e.g., bicarbonate, chloride, sulfate, etc.) are not reported in 
the Decision Document, so geochemical modeling cannot be performed separately for vadose-zone 
waters. 

2.3 OU4 Pondcrete 

Treatability studies, conducted in support of pondcrete disposal at WETS, evaluated the leachability 
of pondcrete. Pondcrete samples were subjected to the toxicity characteristic leaching procedure 
(TCLP), and the subsequent leachate analyzed for organic and inorganic constituents. These 
treatability studies evaluated both treated and untreated pondcrete, and both the "triwall" pondcrete 
and the ''metals" pondcrete, which are so-called based on the type of storage container (EG&G, 
1995b). Treatment of pondcrete involved the addition of lime, concrete, and fly ash to stabilize the 
pondcrete material. 

Waste acceptance criteria (WAC) were used to determine whether or not leachate derived from 
treated and untreated pondcrete would meet disposal standards. The liquid-phase WAC is defined as 
'I.. . the chemical-specific leachate concentration generated from the waste material in an engineered 
disposal facility which will ensure an acceptable groundwater concentration at the point of 
compliance (POC) within a required protective time frame" (EG&G, 1995b). The WAC for selected 
metals and radionuclides for the 1 -inch-per-year infiltration rate (assumed as typical for WETS) 
were given in tables in the Pondcrete Treatability Report (EG&G, 1995b), and are as follows: 

Radionuclides 
Americium-24 1 
Cesium- 134 
Cesium- 137 
Plutonium-:! 3 9+240 
Radium-226 
Uranium-23 3+234 
Uranium-235 
Uranium-238 

Waste Criteria Metals & Nitrate Waste Criteria 
74.5 pCi/L Arsenic 142 P a / L  
12,800 pCi/L Beryllium 14.2 Pg/L 
737 pCi/L Cadmium 51.8 Pg/L 
4.43 pCi/L Chromium 881 Pg/L 
415 pCi/L sodium 14,900 P g / L  
254 pCi/L Nitrate 166,000 P g / L  
10.2 pCi/L 
177 pCi/L 

G-35 



Table 7a. 
K d  Values (Ukg) for Selected Analytes 

Oak Ridge 

Americium-241 
Arsenic 
Beryllium 
Cadmium 
Cesium-134 
Cesium-137 
Chromium 
Nitrate 
Plutoniurn-239+240 
Radium-226 
Sodium 
Uranium-233+234 
Uranium-235 
Uranium-238 

Savannah Hanford INEL INEL Femald Fernald 
River Sat'd Zone Vadose Sat'd Zone Vadose 

Calibfd Kd 
VadoseZone 

100 
2 
5 
5 
1 
1 

35 
0.01 
100 
690 
10 
17 
17 
17 

udv Report anc 

Calibr'd Kd 
Sat'd Zone 

10 
0.5 
1 
1 

0.1 
0.1 
1.5 

0.01 
20 
106 
1.5 
2 
2 
2 

'rocess Formi 

Literature 
Kd Value 

8.2 - 300000 

250 
2.7 - 625 
40 - 3968 
40 - 3968 
1.7 - 1729 

27 - 36000 
57 - 21000 

.03 - 2200 

.03 - 2200 

.03 - 2200 

Ition Report for 

Literature 
Kd Value 

700 
200 
650 
6.5 

1000 
1000 
850 

4500 
450 
100 
450 
450 
450 

mdcrete." Ju 

0 

Kd Calculated 
from Lysimeter 

NA 
NA 
NA 
597 
NA 
NA 
NA 

0.127 
NA 
690 
NA 
19.8 
NA 
14.5 

Analyte 

Americium-241, 
Cesium-137 
Plutonium-239+240 
Radium-226 
Uranium-233+234 
Uranium-235 
Uranium-238 

Tables from "Treatabilih 

RFETS 
Vadose 

100 

0 

0 

0 

1 
0 

0 

100 
690 

17 
17 
17 

0 

I( 
Tables from "Treatability - , 

Asterisk C) indicates data not available in the specific reference. NA = not applicable or not available. 
' 1995. 

RFETS 
Sat'd Zone 

10 . . . 
0 

0.1 
0 

0 

20 
106 

2 
2 
2 

. 

40 
3000 
40 

3000 
40 
40 
40 

1 150 
100 
100 
500 
50 
50 
50 

100 
1 

100 
10 
0 
0 
0 

NA 
20 
200 
5 

100 
100 
100 

NA 
20 

2000 
50 

1000 
1000 
1000 

10 
1370 
100 
106 
1.78 
1.78 
1.78 

100 
~ 1810 

1700 
696 
3.1 
3.1 
3.1 

I 

udv ReDort and Process Formulation ReDort for Pondcrete." June 1995. - .  
Asterisk C) indicates data not available in the specific reference. NA = not applicable or not available. 
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0 Results of the leachate analyses showed a strong dependence between pH and constituent 
concentrations in the leachate. In general, a moderately alkaline condition (PH = 9 to 11) 
significantly reduced the concentrations of dissolved trace metals and radionuclides in the leachate 
(see Figure 1). Nitrate and sodium concentrations were unaffected by variations in pH. 

Based on the results of the treatability study, it was determined that pondcrete subjected to "...the 
treatment process will meet all applicable waste-acceptance criteria ..." given stated assumptions 
(EG&G, 1995b). Only sodium in the treated pondcrete was seen to exceed the waste acceptance 
criteria (WAC). In contrast, untreated pondcrete leached excessive amounts (Le., > WAC) of 
plutonium-239+240, americium-24 1, uranium-23 8, beryllium, and cadmium, under a 1 -inch-per-year 
infiltration rate, which is the current best estimate for the infiltration rate at RFETS. Assuming that 
pondcrete materials are treated prior to placement in the Cell, the possible composition of leachate 
derived from the stored pondcrete should meet WAC for the scenario of 1 -inch-per-year infiltration 
rate. The mean leachate compositions for pondcrete samples are summarized in Table 8. 

The mean concentrations/activities of leachate analytes for "triwall" pondcrete are for those 
samples treated with lime, fly ash, and cement. The mean values for leachate analytes for "metals" 
pondcrete are for those samples treated with lime, fly ash, and cement. For additional details, the 
reader should refer to the Pondcrete Treatability Report (EG&G, 1995b). 

I 

2.4 OU4 Sludges 

Sludge samples from the Solar Evaporation Ponds and from the Building 788 clarifier were subjected 
to TCLP testing, and the subsequent leachate analyzed for organic and inorganic constituents. The 
leachate was analyzed for selected hazardous constituents, which included arsenic, barium, cadmium, 
chromium, lead, nickel, sodium, nitrate, and selected radionuclides. These treatability studies 
evaluated both treated and untreated sludges. Treatment of the sludges involved the addition of lime, 
concrete, and fly ash to stabilize the sludge materials. Leachability of constituents of concern was 
determined for both the treated and untreated materials. 

As with the pondcrete, results of the leachate analyses for sludges showed a strong dependence 
between pH and constituent concentrations in the leachate. In general, a moderately alkaline 
condition (PH = 9 to 11) significantly reduced the concentrations of trace metals and radionuclides in 
the leachate (see Figure 1). 

Based on the results of the treatability study, it was determined that treated sludges will meet all 
WAC, given the stated assumptions (EG&G, 199%). Only sodium in the treated sludges was seen to 
exceed the WAC. In contrast, untreated sludge materials leached excessive amounts (i.e., > WAC) of 
plutonium-239+240, uranium isotopes, arsenic, beryllium, cadmium, nitrate, and sodium under a 
scenario of a 1-inch-per-year infiltration rate. Values of WAC are shown in Section 2.3 above. The 
mean leachate compositions for various sludge materials are listed below and summarized in Table 8. 
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Figure 1 .  Optimum pH Values for Precipitation of Various Metal Hydroxides. 
(Figure from Pondcrete Treatability Study Report and Process 
Formulation Report, Revision 0,  June 1995). 
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i 
. 

Phase II 
Pond 207C 8 

Clarifier 
Sludges 

~ 0 . 3  
c5.7 
46 

eo.1 
<0.1 
0.54 
0.08 

e0.07 
0.08 
140 
<0.8 
<5 
170 
6 0  
<20 

2397000 
1417000 

11.8 

e 
Units 

PCUL 
PCilL 
PCilL 
PCilL 
PCilL 
PCilL 
PCiL 
PCilL 
PCUL 
UGlL 
UGlL 
UGlL 
UGIL 
UGlL 
UGlL 
UGlL 
UGlL 
PH 

Analyte Phase II 
Pond 207AIB 

Sludges 

. e0.24 
e5.3 
C5.8 

e0.095 
<0.05 
0.20 
0.06 
0.08 
0.06 
4 0 0  
< O S  
e5.0 
125 
e50 
<20 

208000 
12900 
11.3 

Table 8. 
Average Leachate (TCLP) Compositions for Treated Pondcrete and Sludges 

Phase II Phase II 
Pond 207C Clarifier 

Sludges Sludges 

1 C0.33 
e5.5 <5 
<6.5 <5.3 
<0.05 c0.095 

. c0.05 so.054 
, 0.52 0.63 

0.15 0.05 
<0.064 <0.05 
0.16 <0.06 
550 4 0 0  
c3.0 <0.55 
C5.0 5 
150 160 
<50 <50 
27 e20 

3070000 383000 
1320000 84300 

11.8 11.1 

Americium-241 
Cesium-1 34 
Cesium-137 
Plutonium-238 
Plutonium239+240 
Radium-226 
Uranium-233+234 
Uranium-235 
Uranium-238 
Arsenic 
Beryllium 
Cadmium 
Chromium 
Lead 
Nickel 
Sodium 
NitratelNitrite 
PH 

Reference 

IOTE: If reported detec 
of summary statistics 

Phase II 
"Triwall" 

Pondcrete 

<0.35 
c5.5 
<5.7 
eo.11 
e0.07 
1.4 

0.044 
e0.038 
0.042 
4 0 0  
e0.5 
<5.0 
198 
<50 
4 0  

413000 
110700 

11.4 

Table 3-1 1 
EGBG, 1995b 

1 rate was > 50' 

Phase I 
"Metals" 

Pondcrete 

<0.15 

C0.05 
0.034 
0.75 
C0.4 
d0.36 
e0.45 
4 0 0  
c0.5 
e5.0 
150 
<50 
<20 

555000 
125000 
11.1 

Table 3-1 9 
EGBG, 1995b 

then a replacer !nt value of one-half the detection limit was used for 

Table 3-39 I EGBG, 1995c 

kulation 
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Assuming that the sludges are treated prior to placement in the Cell, the possible composition of 
leachate derived from the stored sludges should meet WAC for the scenario of a l-inch-per-year 
infiltration rate. The mean concentrations/activities reported for leachate analytes for Ponds 207 
A and B sludges, Pond 207 C sludges, and clarifier sludges are for those samples treated with 
lime, fly ash, and cement (Phase 11). For additional details, the reader should refer to the Pondcrete 
Treatability Report (EG&G, 1995~).  

2.5 Groundwater 

An evaluation of the groundwater chemistry in areas of contaminated subsurface soils destined for the 
Cell may also provide insights as to the likely composition of waste leachates. Locations for which 
both subsurface-soil and groundwater data were available are listed in Table 2. Summary statistics 
were calculated for these groundwater data (Table 9), and a series of modeling runs were conducted 
using mean concentrations and varying Eh conditions. Discussion of geochemical modeling and the 
results of modeling are given below in Section 3.0. 

3.0 GEOCHEMICAL MODELING 

Geochemical modeling takes into account solution chemistry, temperature, pH, and Eh to determine 
speciation and solubilities of various components. These four variables are the main factors 
influencing the solubility and behavior of inorganic constituents. Geochemical modeling is based on 
thermodynamic data and does not take into account various kinetic factors that may influence 
waterhock interactions; professional judgment should always be applied when evaluating model 
output. 

Model input includes concentration data, pH, Eh, temperature, and specification of either the Debye- 
Huckel or Davies equation for determining individual ion-activity coefficients. By using actual 
concentration data, but varying selected parameters such as Eh, the general effects of such changes 
on constituent behavior can be assessed. This allows the user to evaluate and define optimum 
conditions for a given situation. 

Using WATEQF (Plummer et al., 1976), a limited modeling analysis was performed for groundwater 
related to the wastes destined for the proposed waste cell (see Table 9), in addition to modeling of an 
estimated leachate solution (see Table 10). Groundwater models were run for three Eh conditions (- 
0.2, 0.0, and 0.5 volts), whereas the estimated leachate solution was run for only two Eh conditions 
(0.0 and 0.5 volts). 

Model output includes a listing of the distribution of aqueous species for each constituent, as well as 
the calculated saturation indices (SI) for a variety of phases. The SI is defined as the log of the ratio 
of the ion-activity product (IAP) to the solubility product (&,) for a given phase. The SI value for 
each phase indicates the likelihood that the phase will precipitate from, or dissolve into, the 
groundwater. If the SI value is approximately zero (i.e., +/- OS), then the phase is in equilibrium with 
the solution; if the SI value is less than zero (i.e., c 0.5); then the phase is likely to dissolve; if the SI 
value is greater than zero (i.e., > 0.5), then the phase is likely to precipitate. Modeling results are 
discussed below. 
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Table 9. 
Summary of Groundwater Data for Areas with Contaminated Subsurface Soils 

x l y t e  (dissolved)- 

- 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Cesium 
Chromium 
Cobalt 
copper 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Thallium 
Tin 
Vanadium 
Zinc 

Bicarb as CaC03 
Chloride 
Fluoride 
NitratelNitrite 
Orthophosphate 
Silica 
Sulfate 
TDS 
TSS 
PH 

Americium-241 
Cesium-1 34 
Cesium-1 37 
Gross alpha 
Gross beta 
Plutonium-239+240 
Radium-226 
Tritium (total) 
Uranium-233+234 
Uranium-235 
Uranium-238 

Summary statistics calculated 1 

N 

97 
103 
102 
105 
104 

' 104 
100 
84 
105 
105 
104 
97 
103 
100 
100 
100 
105 
96 
103 
100 
105 
32 
105 
100 
100 
105 
100 
105 
99 

127 
130 
130 
128 
91 
64 
132 
127 
127 
10 

6 
6 
8 
99 
95 
8 

45 
110 
95 
95 
95 

RFEDS I 

12.4 
3.9 

14.7 
99.1 
2.9 
4.8 

100.0 
1.2 
1 .o 

14.3 
22.1 
20.6 
5.8 

55.0 
100.0 
69.0 
1 .o 

10.4 
17.5 
91 .o 
19.1 

100.0 
1 .o 

100.0 
100.0 

1.9 
17.0 
19.1 
28.3 

100.0 
97.7 
99.2 
94.5 
45.1 

100.0 
96.2 

100.0 
96.1 

100.0 

83.3 
100.0 
87.5 
88.9 
90.5 
87.5 
95.6 
53.6 

100.0 
76.8 

100.0 

a compiled for this 

= 
Min 

5.5 
5.5 
0.35 
43.3 
0.1 1 
0.9 

33500 
6.5 
1 
1 
1 
2 

0.35 
1 

4120 
0.5 
0.05 
1.5 
1.5 
242 
0.5 

3630 
1 

4840 
240 
0.45 
3.6 
1 

0.6 

65000 
500 
100 
10 
1.9 

8000 
10000 

210000 
2000 
6.8 

0.006 
-0.63 
-0.37 
0.32 
-1.4 

-0.001 
0 

-109 
0.32 

-0.085 
0.24 

aluation. 

Max 

269 
51.5 

9 
675 
1.5 

21.7 
678000 

309 
4.8 
6.9 
17.6 
342 
13.8 
42.4 

105000 
1850 

. 0.23 
34.1 
86.1 

11100 
12 

9780 
25.1 

497000 
3110 
18.9 
74.6 
93 

65.3 

690000 
3010000 

1410 
444000 

247 
20965 
250000 
3800000 

43000000 
10.5 

0.435 
0.71 
0.37 
67.1 
56.4 
1.999 
2.82 
1067 
24.4 
1.5 

75.7 

1 = no data. 

Mean 

22.1 
13.1 
1.5 
195 
0.51 
1.6 

160450 
70.1 
1.8 
2.7 
2.2 
18.6 
0.8 
12.3 

20060 
228 

0.099 
6.7 
9.3 

3098 
1.4 

6632 
1.8 

46630 
749 
1.5 
14.2 
4.7 
6.1 

264800 
170040 

505 
9400 
23 

15830 
40744 
672095 
1553800 

7.9 

0.108 
-0.2 
0.07 
10.4 
9.5 

0.403 
0.87 
154 
5.63 
0.27 
7.68 

Std. Dev. 

34.9 
7.1 . 
1.8 
114 
0.19 
2.1 

147770 
101 
0.6 
1.4 
1.9 

43.6 
1.3 
9.5 

23790 
420 

0.017 
5.5 
14.6 
2312 
1.4 

1393 
2.4 

92500 
749 
2.2 
12.5 
9.8 
8.9 

79440 
4391 90 

240 
39400 

44 
2894 
36240 
775800 
5121800 

1 .o 

0.169 
0.48 
0.24 
11 

10.3 
0.01 
0.67 
163 
5.49 

' 0.34 
12.01 

Units 

UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL . 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 

UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
UGlL 
PH 

PCilL 
PCilL 
PCVL 
PCilL 
PCVL 
PCVL 
PCilL 
PCilL 
PCilL 
PCilL 
PCilL 

Locations for which data were evaluated are given in Table 2 of this report. 
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Table 10. 
Summary of Data and Estimated Leachate Composition for Waste-Cell Wastes 

X indicates that the background value was used for that analyte; ID indicates insufficient data provided in reference source. 
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3.1 Modeling of Groundwater Chemistry 

Using the mean concentrations of constituents, models were run for three redox conditions: Eh = - 
0.2 volts (reducing), Eh = 0.2 volts (mildly oxidizing), and Eh = 0.5 volts (oxidizing). The dominant 
aqueous species, as well as phases that may control solubility, were then reviewed for each of the 
three redox conditions (see Figure 2). 

At the low Eh value of -0.2 volts, representative of environments isolated from the atmosphere, the 
solution is oversaturated with respect to Ag2Se; native silver; copper sulfide - Cu2S; chromite - 
FeCr204; PbSe; ferroselite - FeSe2; illite, smectite, and kaolinite clays; ZnSe; native selenium; FeSe; 
and uranium species - U409, uraninite (UO,), and coffinite (USiO,); in addition to various iron oxides, 
calcite, and quartz. 

Unconfined groundwater in the shallow subsurface probably exhibits Eh values in the range of 0.0 to 
0.2 volts. At an Eh of 0.2 volts, the solubility of uranium species increases markedly. The solution 
is still oversaturated with respect to iron oxides and oxyhydroxides, clays, calcite, native silver and 
silver selenide, and quartz. Molybdenum, vanadium, selenium, arsenic, and uranium have oxyanion 
complexes or negatively charged carbonate complexes as the dominant aqueous species. 

To represent an environment in contact with the atmosphere (e.g., surface water or leachates from 
wastes stored aboveground), an Eh = 0.5 volts was used. Again, iron, aluminum, and manganese 
oxides and oxyhydroxides are predicted to precipitate, along with calcite and quartz, and various clay 
minerals. Actually, the solution appears to be at or near equilibrium with calcite, quartz, barite, 
pyrolusite, manganese phosphate, and hydroxyapatite. The groundwater remains undersaturated with 
respect to uranium-bearing phases, such as uranium carbonates. Anionic complexes for molybdenum, 
uranium, vanadium, chromium, arsenic, and selenium are the dominant species for these constituents 
in solution. 

3.2 Modeling of Estimated Leachate Solution 

An estimated leachate composition was derived by assembling data for vadose-zone water, 
groundwater, and TCLP leachates from treated pondcrete and sludges. The concentration data were 
then weighted for the relative proportion of a waste type. As shown in Table 10, the mean 
concentration multiplied by the relative proportion, which is based on the estimated volume of 
waste, was used to generate an estimate of leachate. If data for specific analytes were unavailable, 
then the mean concentration for background groundwater was used for that proportion. The mean 
pH of 9.1, an oxidizing Eh of 0.5 volts, and a temperature of 12°C were used for one model and a 
more reducing Eh of 0.0 volts was used for the second model (all other parameters unchanged). 

' 

The proportions of each waste type used for the estimated leachate composition were 52.5% OU4 
vadose-zone water, 25.8% waste-site groundwater, 14.5% treated-pondcrete leachate, and 7.2% 
treated-sludge leachate (see Table 10). The estimated values shown here should be considered rough, 
preliminary estimates of constituent concentrations. As noted below, changes in physicochemical 
conditions can change the leachate composition. 
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Figure 2. Generalized Eh-pH diagram showing conditions of natural 
environments. (From Garrels and Christ, 1965). 
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The hypothetical leachate solution produced model outputs with a reasonable 9.0% charge-balance 
error, and a distribution of aqueous species that indicates an abundance of nitrate and sodium as free 
ions. The dominant species in solution, in order of decreasing molality (for the Eh=O.O case) are 
listed in Appendix A tables. (Molality is defined as moles of solute per 1000 grams of water; for 
dilute solutions at normal temperatures, molality is essentially equal to molarity. Molarity is moles 
of solute per 1000 grams of solution). 

For the case the model run with an oxidizing Eh of 0.5 volts, the speciation indicates the importance 
of uranium-carbonate complexes. In the presence of carbonate, the solubility of uranium is greatly 
increased (compare Figures 3a and 3b), and the amount of dissolved uranium is much higher than it 
would be in carbonate-free water (Drever, 1988). 
molybdenum, arsenic, vanadium, and selenium are predicted to be the dominant aqueous species for 
these constituents. These species are important from a migration perspective because anions are 
generally more mobile than cations. The mobility of anions is related to the presence of abundant 
cation-exchange sites on clays and iron oxides, but fewer anion-exchange sites in the substrate. Thus, 
anionic species such as nitrate, chloride, sulfate, and oxyanions of metals, are generally less retarded 
as the solution migrates in the subsurface. 

In addition, oxyanions of chromium, 

Output from the model run with an Eh of 0.0 volts also shows the importance of oxyanion 
complexes for molybdenum, chromium, selenium, vanadium, and arsenic. In general, the activities of 
anionic complexes of chromium, selenium are higher in the case of Eh = 0.0 volts, whereas the 
activities of major-ion species are largely unchanged. In particular, the activities of Cr(OH)i, Fe+2, 
FeOH', Se03-', Cu', CuCl,, CuCl, HSe03- are markedly greater under an Eh of 0.0 volts, as compared 
to an Eh'of 0.5 volts. 

4.0 SUMMARY AND CONCLUSIONS 0 
Wastes derived from OU4 will constitute approximately 75 percent of the total waste mass in the 
Waste Cell, with pondcrete and sludge materials comprising 2 1.7% of the total waste volume, and 
OU4 vadose-zone soils comprising 24.1% of the total waste volume. Because OU4 contributes the 
bulk of waste for the Cell, this evaluation focussed on the existing data for OU4 materials. Based on 
these data, nitrate, sodium, gross alpha, gross beta, tritium, and uranium isotopes appear to be the 
most mobile constituents in the OU4 wastes. 

/ 

For subsurface-soil wastes to be stored at the proposed Cell, constituent concentrations in the waste 
materials were statistically compared to those in background subsurface soils. This comparison 
highlights those constituents that may be released in concentrations higher than those of background 
groundwater. However, just because the solid wastes contain constituent concentrations higher than 
those of background soils, does not necessarily mean that waste leachates will contain 
proportionately higher levels of those constituents. 

Based on the estimated volumes of waste destined for the Cell and the available data for leachates, 
pore water, and groundwater from the wastes and waste areas, a general leachate composition was 
calculated (see Table 10). Geochemical modeling of the leachate suggests that iron, aluminum, and 
manganese 
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Figure 3a. Distribution of 
dissolved uranium species in a 
carbonate-free system at 25°C 
(Figure from Drever, 1988). 
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Figure 3b. Distribution’of 
dissolved uranium species in a 
system containing carbonate, at 
25°C. (Figure from Drever, 1988). 
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oxides and oxyhydroxides, along with clay minerals, calcium carbonate, and compounds containing 
zinc, copper, barium, chromium, strontium will precipitate from the leachate. Silver, lead, and 
molybdenum appear to be at approximate equilibrium with the leachate, under the specified Eh-pH 
conditions. On the other hand, the leachate is undersaturated with respect to uranium, vanadium, 
arsenic, radium, and selenium phases, so these constituents would still tend to remain in solution. As 
long as uranium, vanadium, arsenic, and selenium exist as oxyanions, it is unlikely that they will be 
strongly retarded under the given Eh-pH conditions. 

The solubility and behavior of iron is strongly influenced by Eh-pH conditions. The oxidized form 
of iron (ferric, Fe+3) is much less soluble than the reduced form (ferrous, Fe+2). Ferric oxyhydroxides, 
generalized as Fe(OH),, form suspended particulates. The importance of these ferric oxyhydroxide 
particulate is that their surfaces have a large capacity for the adsorption of trace metals (Hem, 
1992). If Eh decreases and the iron is reduced, the adsorbed trace metals, in addition to the iron, will 
be released into solution. Where the solubility of trace elements is controlled by adsorption onto 
oxide surfaces, the dissolved concentrations of these elements will be highly sensitive to changes in 
Eh and pH. At WETS, much of the plutonium and americium in near-surface waters may be 
adsorbed onto iron oxyhydroxide particulates, so Eh conditions may have significant impact on both 
trace metal and radionuclide mobility. 

In general, most metals, including plutonium and americium, are less mobile in a neutral, oxidizing 
environment; however, those metals and radionuclides that tend to form oxyanions or other 
negatively charged aqueous species tend to remain mobile. Additionally, anions such as nitrate, 
chloride, and sulfate tend to be mobile under most naturally occurring Eh-pH cqnditions. Controlling 
the migration of anionic species probably presents the greatest challenge for wastes contaminated 
with numerous metals and radionuclides. Uranium tends to be immobilized under reducing conditions, 
but plutonium and americium are mobilized under these conditions. By modeling the leachate for a 
range of Eh-pH conditions, the optimum conditions for immobilization can be defined. , 

> 
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Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

= 0.0 Volts E 
SPECIES 

Eh = 
SPECIES 

1.5 Volts . 

PPM PPM MOLALITY MOLALITY 

NO3 - 
NA + 
K +  
HC03 - 
CA 2+ 
CL - 
MG 2+ 
SO4 2- 
C03 2- 
H4S104 

2.88270E+03 
7.80660E+02 
1.65027E+02 
2.16955E+02 
1.00756E+02 

I .64351 E+01 
6.16884E+01 
1.62828E+01 
2.1 571 7E+01 

5.33527E901 

4.66967E-02 
3.41067E-02 
4.23906E-03 
3.57133E-03 
2.52497E-03 
1.51 153E-03 
6.78994E-04 
6.4501 OE-04 
2.72536E-04 
2.25426E-04 

NO3 - 
NA + 
K +  
HC03 - 
CA 2+ 
CL - 
MG 2+ 
SO4 2- 
C03 2- 
H4S104 

2.88270E+03 
7.80660E+02 
I .65027E+02 
2.1 6955E+02 
1.00756E+02 
5.33535E+01 
1.64352E+01 
6.16901 E+01 
1.62831 E+01 
2.1 571 7E+01 

4.66967E-02 
3.41067E-02 
4.23906E-03 
3.57133E-03 

1 SI 155E-03 
2.52497E-03 

6.78995E-04 
6.45028E-04 
2.72540E-04 
2.25426E-04 

CAC03 
L I +  , .  
CAS04. 
NASO4 - 
NAHC03 
NAC03 - 
F -  
MGC03 
CAHC03 + 
H3S104 - 

1.68300E+01 
5.27316E-01 
8.54916E+00 
5.78539E+00 
3.85061 E+OO 
3.37192E+00 

2.71445E+OO 
2.99946E+00 
1.92131E+00 

6.17843E-01 

1.68893E-04 
7.63285E-05 
6.30733E-05 
4.88102E-05 
4.60479E-05 
4.08052E-05 
3.26644E-05 
3.23339E-05 
2.98001 E-05 
2.02907E-05 

CAC03 
LI + 
CAS04 
NAS04 - 
NAHC03 
NAC03 - 
F -  
MGC03 
CAHC03 + 
H3S104 - 

I .68295E+01 

8.54901 E+OO 
5.78541 E+OO 
3.85056E+00 
3.37190E+00 

2.71439E+00 
2.99941 E+OO 
1.92133E+00 

5.2731 6E-01 

6.17843E-01 

1.68888E-04 
7.63285E-05 
6.30722E-05 
4.881 04E-05 
4.60474E-05 
4.08050E-05 
3.26644E-05 
3.23331 E-05 
2.97995E-05 
2.02908E-05 

SR 2+ 
AL(OH)4 - 
FE(OH)4 - 
MGS04 

MN 2+ 

H2C03 

MGHCO3 + 

KS04 - 

OH - 
MOO4 2- 

1.63998E+00 

I .79174E+00 

I .08704E+00 

I .71114E+00 

1.80138E+00 

4.99737E-01 
9.25961E-01 
3.98652E-01 
9.33412E-02 
5.03437E-01 

1.87995E-05 
1.80894E-05 
1.45278E-05 
1.50310E-05 
1.27956E-05 
9.13654E-06 
6.88091E-06 
6.45562E-06 
5.51250E-06 
3.16156E-06 

SR 2+ 
AL(OH)4 - 
FE(OH)4 - 
MGS04 
MGHC03 + 
MN 2+ 
KS04 - 
H2C03 
OH - 
MOO4 2- 

1.63998E+00 
1.71 114E+00 
1.89406E+00 
1.801 35E+00 
1.08702E+00 
4.99738E-01 
9.25963E-01 
3.98649E-01 
9.3341 8E-02 
5.03437E-01 

1.87995E-05 
1.80894E-05 
1.53575E-05 
1 S0308E-05 
1.27954E-05 
9.13656E-06 
6.88093E-06 
6.45558E-06 
5.51 253E-06 
3.16156E-06 

AL(0H)S 2- 
FE(OH)3 

CR(OH)3 
CR(OH)4 - 
cs + 
BA 2+ 
CU(OH)2 
NACL 

U02(C03)3 4- 

FE 2+ 

2.25688E-01 
2.09654E-01 
8.22000E-01 
1.46351 E-01 
1.55738E-01 
1.46000E-01 
1.32744E-01 
8.52646E-02 
4.94403E-02 
4.59251 E-02 

2.02907E-06 
1.97045E-06 
I .83451 E-06 
1.42691 E-06 
1.30327E-06 
1.10338E-06 
9.70805E-07 
8.77824E-07 
8.49695E-07 
8.25969E-07 

AL(0H)S 2- 
FE(OH)3 

CR(OH)3 
CR(OH)4 - 
cs + 
BA 2+ 
CU(OH)2 
NACL 

U02(C03)3 4- 

FE 2+ 

2.25692E-01 
2.21 626E-01’ 
8.22001E-01 
2.99286E-12 
3.18482E-12 
1.46000E-01 
1.32744E-01 
8.8031 4E-02 
4.94403E-02 
7.07058E-I 1 

2.02910E-06 
2.08297E-06 
9.83451 E-06 
2.91801E-17 
2.6651 8E-I 7 
1.10338E-06 
9.70805E-07 
9.06309E-07 
8.49696E-07 
1.271 65E-15 

in speciation in leacha solution modeled u! g WATEQF (Plummer et al., 1976), using a mean pH of 9.1 and a tern1 
of 12 degrees C. See text for further discussion. 

ature 
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Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

Eh 0.0 Volts Eh=0.5 Volts 

MNHC03 + 
ZN(C03)2 2- 
HAS04 2- 
MGF + 
CR(OH)2 + 
NAF 

NAOH 
HV04 2- 

CACL + 
MGOH + 

MOLALITY 

CAF + 
AL(OH)3 
CAOH + 
ZNC03 
KCL 
FEOH + 
LIS04 - 
ZN(OH)2 
HP04 2- 
PBCO3 

SPECIES 

MNOH + 
SE03 2- 
AGCL 
PB(CO3)P 2- 
CAPO4 - 
MNS04 
AG + 
MNCL + 
H2V04 - 
U02(C03)2 2- 

c u c o 3  
MGP04 - 
H2S104 2- 
CAHP04 
FES04 
KOH 
cu + 
ZN 2+ 
AGCL2 - 
CUCL2 - 

n meciation in leacha 

PPM 

8.94985E-02 
1.29407E-01 
8.83985E-02 
2.12824E-02 
5.23695E-02 
1.80013E-02 
3.62742E-02 
I .02805E-02 

I .04177E-02 
1.93137E-02 

1.44848E-02 
1.89591 E-02 
8.53506E-03 
1.4331OE-02 
8.04242E-03 
7.21 382E-03 
1 .01144E-02 
8.85994E-03 
7.22895E-03 
2.00188E-02 

4.59498E-03 
8.03125E-03 
8.22030E-03 
I .75898E-02 
6.54477E-03 
6.98606E-03 
2.72015E-03 
2.25270E-03 
2.43053E-03 
7.66996E-03 

2c24546 E-03 
2.14997E-03 
1.68006E-03 
2.31770E-03 
2.51 164E-03 
8.66068E-04 
9.59824E-04 
6.54952 E-04 
I .70865E-03 
9.97771 E-04 

solution modeled us 
of 12 degrees C. See text for further discussion. 

7.75245E-07 
7.01076E-07 

4.93562E-07 

4.30616E-07 
3.14233E-07 
2.58165E-07 
2.56828E-07 
2.53238E-07 

2.46262E-07 
2.44126E-07 
1.50169E-07 
1.14797E-07 

6.35972E-07 

6.1156lE-07 

1.08349E-07 
9.94534E-08 
9.8631 5E-08 
8.95326E-08 
7.56502E-08 
7.52488E-08 

6.41496E-08 
6.35383E-08 
5.76091 E-08 

4.86753E-08 
4.64709E-08 
2.53287E-08 

2.08735E-08 
1.9751 1 E-08 

1.82540E-08 
1.81036E-08 
1.79329E-08 
1.71097E-08 
1.66069E-08 
1.55045E-08 

5.39927E-08 

2.50318E-08 

1 .SI71 1 E-08 
1.00618E-08 
9.59980E-09 
7.45378E-09 

MNHC03 + 
ZN(C03)2 2- 
HAS04 2- 
MGF + 
CR(OH)2 + 
NAF 

NAOH 
HV04 2- 

CACL + 
MGOH + 

CAF + 

CAOH + 
AL(OH)3 

ZNC03 
KCL 
FEOH + 
LIS04 - 
ZN(OH)2 
HP04 2- 
PBCO3 

MNOH + 
SE03 2- 
AGCL 
PB(CO3)Z 2- 
CAPO4 - 
MNS04 
AG + 
MNCL + 
H2V04 - 
U02(C03)2 2- 

c u c o 3  
MGP04 - 
H2S104 2- 
CAHP04 
FES04 
KOH 
cu + 
ZN 2+ 
AGCL2 - 
CUCL2 - 

3 WATEQF (Plummer et al., 1976), using a me, 

PPM 

8.94967E-02 
1.29408E-01 
8.85985E-02 
2.12820E-02 
1.07095E-12 
1.8001 I E-02 
3.62742E-02 
1.02804E-02 

I .04175E-02 
1.93136E-02 

I A4845E-02 
I .89589E-02 
8.53494E-03 
1.43308E-02 
8.04242 E -03 

1.01 145E-02 
8.85985E-03 
7.23126E-03 

1.11061E-1 I 

2.00186E-02 

4.59491 E-03 
3.96637E-09 
8.22029E-03 

6.54662E-03 
1.75900E-02 

6.98593E-03 
2.72014E-03 
2.25269E-03 
2.43049E-03 
7.66948E-03 

2.31 831 E 4 3  

I .6801 OE-03 
2.15058E-03 

2.31834E-03 
3.86682E-12 
8.66061 E-04 

6.54961 E-04 
1.44324E-12 

1.70867E-03 
1.50033E-12 

pH of 9.1 and a teml 

MOLALITY 

7.75229E-07 
7.01079E-07 
6.35972E-07 
4.93553E-07 

4.3061 1 E-07 

2.58163E-07 

2.53235E-07 

1.25064E-17 

3.14233E-07 

2.56826E-07 

2.46257E-07 
2.44124E-07 
1.50167E-07 
1.14795E-07 
1.08349E-07 

9.8631 8E-08 
8.95317E-08 
7.56744E-08 
7.52482E-08 

I .53115E-I 6 

6.41486E-08 
3.13794E-14 
5.76090E-08 
5.39933E-08 
4.86890E-08 
4.64700E-08 
2.53287E-08 
2.50316E-08 

1.97498E-08 
2.08732E-08 

I .88462E-08 
1.81088E-08 
1.79333E-08 
I .71144E-08 
2.55673E-17 
I .55044E-08 
2.281 21 E-I7 
1.00620E-08 
9.59993E-09 
1.12081E-17 
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Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

MOLALITY 
Eh = 0.0 I Eh=O.S Volts 

SPECIES ~ SPECIES- 

MN(N03)2 
CUCL 

HSE03 - 
CU(CO3)2 2- 

MGHP04 
FE(OH)2 + 
AS04 3- 
H2AS04 - 
ZNOH + 
NAHP04 - 
ZNHC03 + 
BAN03 + 
CAN03 + 
PBOH + 
H +  
MNF + 
H2P04 - 
ZNN03 + 
LlOH 
ZN(OH)3 - 
CUOH + 
PB(OH)2 
AGN03 
SROH + 
ZNS04 
KHP04 - 
FE(OH)3 - 
ZNOHCL 
FE(OH)2 
HMO04 - 
AGS04 - 
CROH 2s 
PBHC03 + 
PO4 3- 
CU(OH)3 - 
PB 2+ 
V04 3- 
cu 2+ 
FEHP04 
CUHC03 + 

n speciation in leacha 

'olts 
PPM 

1.26224E-03 
6.56438E-04 
1 .I 9969E-03 
8.1 8534E-04 
7.63872E-04 
4.32779E-04 
6.58950E-04 
3.87543 E-04 
2.23975E-04 
2.70604E-04 

2.601 12E-04 
3.69232E-04 
1.271 54E-04 
2.28733E-04 
9.71 697E-07 
7.04473E-05 
5.56854E-05 
6.78005E-05 
1.05336E-05 
5.08938E-05 

3.30841 E-05 
9.75080E-05 
6.82005E-05 
2.95709E-05 
4.52244E-05 
3.76752E-05 
2.65027E-05 
2.69604E-05 
1.56102E-05 
2.22191 E-05 

2.64680E-05 
8.49900E-06 
2.62107E-05 
8.32633E-06 
9.35824E-06 
1.5621 5E-05 
8.63026E-06 
3.76080E-06 
7.6201 2E-06 
6.02892E-06 

solution modeled us 

7.08480E-09 
6.66003E-09 
6.56435E-09 
6.42473E-09 
6.37822E-09 
4.83733E-09 
4.76434E-09 
2.761 94E-09 
2.73057E-09 
2.28462E-09 

2.06697E-09 
1.86050E-09 
1.251 07E-09 
1.02469E-09 
9.68242E-10 
9.5701 7E-10 
5.76686E-10 
5.34599E-10 
4.41 823E-10 
4.391 55E-I 0 

4.1 2524E-10 
4.06022E-10 
4.03252E-10 
2.83878E-10 
2.81 365E-10 
2.801 39E-10 
2.49088E-10 
2.29798E-10 
1.74481 E-I 0 
1.38659E-10 

I .30362E-10 
1.2391 2E-90 
9.81 533E-1 I 
8.80591 E-I 1 
8.20436E-11 
7.57264E-1 I 
7.54171E-11 
5.94435E-11 
5.041 34E-11 
4.86141 E-I I 

MN(NO3)Z 
CUCL 
CU(CO3)S 2- 
HSE03 - 
MGHP04 
FE(OH)2 + 
AS04 3- 
H2AS04 - 
ZNOH + 
NAHP04 - 
ZNHC03 + 
BAN03 + 
CAN03 + 
PBOH + 
H +  
MNF + 
H2P04 - 
ZNN03 + 
LlOH 
ZN(OH)3 - 
CUOH + 
PB(OH)2 
AGN03 
SROH + 
ZNS04 
KHP04 - 
FE(OH)3 - 
ZNOHCL 
FE(OH)2 
HMO04 - 
AGS04 - 
CROH 2s 
PBHC03 + 
PO4 3- 
CU(OH)3 - 
PB 2+ 
V04 3- 
cu 2+ 
FEHP04 
CUHC03 + 

PPM 

1.26219E-03 
9.87057E-13 
1.23863E-03 
4.04239E-10 
7.64084E-04 
4.57496 E-04 
6.58969E-04 
3.87537E-04 
2.23974E-04 
2.70685E-04 

2.60109E-04 
3.69223E-04 
1.27152E-04 
2.28734E-04 
9.71703E-07 
7.04459E-05 
5.57022E-05 
6.77999E-05 
1.05335E-05 
5.08936E-05 

3.41 579E-05 
9.75077E-05 
6.81995E-05 
2.95703E-05 
4.52242E-05 
3.76864E-05 
4.08027E-14 
2.69604E-05 
2.40327E-14 
2.22187E-05 

2.64680E-05 

2.62107E-05 
9.73807E-16 

8.32924E-06 
9.661 98E-06 
1.56219E-05 
8.63052E-06 
3.88292E-06 
1 .I 7351 E-I4 
6.22456E-06 

MOLALITY 

7.08456E-09 
1.00144E-17 
6.77745E-09 
3.17290E-15 
6.37998E-09 
5.1 1360E-09 
4.76448E-09 
2.76190E-09 
2.73056E-09 
2.28529E-09 

2.06696E-09 
1.86045E-09 
1.25105E-09 
1.02469E-09 
9.68247E-10 
9.56997E-10 
5.76860E-10 
5.34594E-10 
4.41 820E-I 0 
4.39153E-I0 

4.2591 3E-IO 
4.06021 E-IO 
4.03246E-10 
2.83873E-10 
2.81 363E-10 
2.80222E-10 
3.83486E-19 
2.29798E-10 
2.68622E-19 
1.38657E-10 

1.30363E-10 
2.52994E-21 
9.81532E-I I 
8.80898E-11 
8.47064E-I 1 
7.57281 E-I 1. 
7.54193E-11 
6.1 3739E-11 
7.76371 E-20 
5.01917E-11 

I 

of 12 degrees C. See text for further discussion. 
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Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

Eh = 0.0 
SPECIES 

Volts 
PPM 

AL(OH)2 + 
AGOH 
HF 
CUCL3 2- 
PBN03 + 
HS04 - 
AGCL3 2- 
CAH2P04 + 
U02C03 
ZNCL + 

BAOH + 

MNCL2 
PBSO4 
MGH2P04 + 
CUN03 + 

PB(OH)3 - 

V207 4- 
U(0H)S - 
ZNF + 
ZN(SO4)Z 2- 

AGF 
cuso4 
PBCL + 
HV207 3- 
HMNO2 - 
H3V04 
H2V207 2- 
ZN(OH)4 2- 
H3AS03 
FEH2P04 + 

U02(HP04)2 2- 
AGCL4 3- 
FEOH 2+ 
H2AS03 - 
CUCL + 
H3V207 - 
AG(OH)2 - 
PB(OH)4 2- 
CU(OH)4 2- 
ALOH 2+ 

Ion speciation in leacha 

2.79884E-06 
3.20726E-06 
4.96279E-07 
4.21272E-06 
6.34991 E-06 
1.88935E-06 
3.51977E-06 
1.84222E-06 

I .01104E-06 
3.40896E-06 

I .42119E-06 
I .858SSEk6 
8.4671 I E-07 
1.70290E-06 

4.85693E-07 
6.63632E-07 
7.4091 7E-07 
I .48919E-07 

5.72431 E-07 

4.30731 E-07 

1.97863E-07 
2.32550E-07 
3.52103E-07 
1.38701 E-07 

2.08379E-08 

2.10445E-08 

3.1 8962E-08 

3.58255E-08 

1.38531 E-08 
1.64541 E-08 

4.70916E-08 
2.24702E-08 
5.39072E-09 

5.48892E-09 

5.65228E-09 

4.881 53E-09 

7.62412E-09 

9.96006E-09 

I .03328E-08 

1.46350E-09 

solution modeled u! 

MOLALITY 

4.60881 E-I I 
2.57971 E-I I 
2.49157E-I I 
2.49040E-11 
2.3691 8E-1 I 
1.95498E-11 
1.65026E-I 1 
1.34996E-I I 
I .03746E-11 
1.00712E-I 1 

9.24841 E-I2 
7.23082E-12 
6.75796E-12 
5.64007E-12 
4.74000E-12 
3.88557E-12 
3.11654E-12 
2.30352E-12 
I .77269E-I 2 
1.68010E-12 

1.56650E-I 2 
1.46344E-12 
1.45746E-12 
6.48312E-13 
3.64272E-13 
I .77428E-13 
1.66672E-13 
I .58440E-13 
1 .I 0480E-I 3 
1.081 35E-I 3 

I .02383E-13 
9.03934E-14 
7.431 97E-14 
6.12939E-14 
5.56890E-14 
4.61223E-14 
4.001 36E-14 
3.77082E-14 
3.72645E-14 
3.34165E-I4 

g WATEQF (Plummei 

Eh = 0.5 Volts 
SPECIES 

AL(OH)2 + 
AGOH 
HF 
CUCL3 2- 
PBN03 + 
HS04 - 
AGCL3 2- 
CAH2P04 + 
U02C03 
ZNCL + 

BAOH + 
PB(OH)3 - 
MNCL2 
PBSO4 
MGH2P04 + 
CUN03 + 
V207 4- 
U(OH)5 - 
ZNF + 
ZN(SO4)P 2- 

AGF 
cuso4 
PBCL + 
HV207 3- 
HMNO2 - 
H3V04 
H2V207 2- 
ZN(OH)4 2- 
H3AS03 
FEH2P04 + 

UO2(HP04)2 2- 
AGCL4 3- 
FEOH 2+ 
H2AS03 - 
CUCL + 
H3V207 - 
AG(OH)2 - 
PB(OH)4 2- 
CU(OH)4 2- 
ALOH 2+ 

2.79884E-06 
3.20724E-06 
4.96276E-07 

6.34990E-06 
1.88936E-06 
3.51 991 E-06 
I .84274E-06 
3.40868E-06 
1.01 105E-06 

6.33473E-15 

1.421 17E-06 
1.85896E-06 
8.46705E-07 
1.70290E-06 
5.72594E-07 
5.01453E-07 
6.63664E-07 
I .57142E-24 
1.4891 8E-07 
4.30740E-07 

1.97860E-07 
2.40097E-07 

1.38702E-07 

2.08374E-08 

3.521 07E-07 

3.18957E-08 

3.58247E-08 
2.10448E-08 
2.93825E-26 
2.53396E-17 

4.71 171 E-08 

5.69869E-09 
2.24719E-08 

1.61 71 OE-26 
5.66712E-09 
9.95968E-09 
5.65227E-09 
1.03330E-08 
5.04005E-09 
1.46352E-09 

MOLALITY 

4.60881 E-I 1 
2.57969E-1 I 
2.49155E-1 I 
3.74485E-20 
2.3691 7E-11 
I .95499E-I I 
1.65033E-11 
1.35034E-11 
1.03738E-1 I 
I .00712E-I I 

9.24825E-12 
7.23085E-I2 
6.75791 E-I 2 
5.64008E-12 
4.741 34E-12 
4.01 166E-12 
3.1 1669E-I2 
4.88558E-30 
I .77268E-I 2 
1.68014E-I2 

1 Ai6648E-I 2 
1 SI 093E-I 2 
I .45748E-12 
6.4831 7E-I 3 
3.64266E-13 
1.77424E-13 
I .66669E-I 3 
I S8443E-13 
2.34329E-31 
1.66530E-22 

I .02438E-13 
9.04002E-14 
7.85656E-14 
1.30006E-31 
5.74969E-14 
4.61 205E-14 
4.001 35E-I 4 
3.77090E-14 
3.84746E-14 
3.34171 E-I4 

: al., 1976), using a mean pH of 9.1 and a temperature 
of 12 degrees C. See text for further discussion. 
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Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

Eh = 0.0 
~ ~~ 

SPECIES 

CU2(OH)2 2+ 
PBHP04 

CUHP04 
FEH3S104 2+ 
RA 2+ 
PBF + 
PB(S04)2 2- 
V309 3- 

MN(OH)3 - 

CUF + 

UO2H3S104 + 
ZNCL2 
UO2OH + 
CU2CL4 2- 
U02 + (5 VALEh 
CR 3+ 
ALF2 + 
MNCL3 - 
CR3(OH)4 5+ 
PBCL2 

ALF 2+ 
H2SE03 
FEF 2+ 
ALF3 

MG4(OH)4 4+ 
CR2(OH)2 4+ 

ZN2OH 3+ 

HSE - 

H3AS04 

HF2 - 
U(OH)4 

UO2HP04 
FEFZ + 
V(OH)3 
H3P04 
U02F + 
CUCL2 
VOOH + 
u 0 2  2+ 

HAS03 2- 

3n speciation in leacha 

'olts 
PPM 

4.60246E-09 
8.60234E-09 
2.9t356E-09 
3.89586E-09 
3.32854E-09 
4.60000E-09 
4.48706E-09 
7.78605E-09 
5.78183E-09 
1 .I 61 14E-09 

3.83563E-09 
1.34653E-09 
2.35062E-09 
1.97974E-09 
1.94987E-09 
3.38668E-10 
3.48883E-10 
7.4051 OE-I 0 
6.77241 E-I 0 
8.1 9388E-10 

9.01809E-1 I 
1.94371 E-I 0 
6.12781E-11 
5.28175E-11 
4.29605E-11 
8.72909E-I I 
5.97102E-11 
3.49089E-11 
3.37522E-11 
3.6561 3E-12 

2.27988E-11 
7.57406E-9 2 
2.1 0021 E-I 1 
4.78282E-12 
4.96009E-12 
4.36920E-12 
9.30440E-12 
3.43497E-12 
1.9191 1 E-I 2 
4.49144E-12 

solution modeled u! 
of 12 degrees C. See text for further discussion. 

MOLALITY 

2.86939E-14 
2.84990E-14 
2.82438E-14 
2.45294E-14 
2.21 474E-14 
2.04416E-44' 
1.99244E-14 
1.95842E-14 
I .95653E-14 
1.41289E-14 

1 .OS51 1 E-I4 
9.92381 E-I5 
8.22547E-15 
7.39475E-15 
7.25286E-15 
6.5421 1 E-I 5 
5.39293E-15 
4.61 124E-15 
3.03651 E-I5 
2.95932E-I5 

1.96997E-15 
1 SI 371 E-I 5 
8.22344E-16 
6.31 731 E-I 6 
5.39593E-16 
5.30569E-16 
4.34572E-16 
2.47022E-16 
2.29423E-I6 
1.74752E-16 

7.48207E-17 
6.13866E-19 
5.76351 E-I7 
5.11907E-97 
4.88607E-17 
4.47827E-17 
3.23344E-17 
2.56607E-17 
2.29616E-17 
1.67067E-17 

g WATEQF (Plummei 

Eh = 0.5 
SPECIES 

CU2(OH)2 2+ 
PBHP04 

CUHP04 
FEH3S104 2+ 
RA 2+ 
PBF + 
PB(SO4)2 2- 
V309 3- 

MN(OH)3 - 

CUF + 

U02H3S104 + 
ZNCL2 
U020H + 
CU2CL4 2- 
U02 + (5 VALEh 

ALF2 + 
, CR3+ 

MNCL3 - 
CR3(OH)4 5+ 
PBCL2 

ALF 2+ 
H2SE03 
FEF 2+ 
ALF3 
HSE - 
MG4(OH)4 4+ 
CR2(OH)2 4+ 
H3AS04 
ZN2OH 3+ 
HF2 - 
U(OH)4 

UO2HP04 
FEFZ + 
V(OH)3 
H3P04 
U02F + 
CUCL2 
VOOH + 
u 0 2  2+ 

HAS03 2- 

tal., 1976), using a me; 

'olts 
PPM MOLALITY 

4.90612E-09 
8.60486E-09 
2.97951 E-09 
4.02347E-09 
3.51 870E-09 
4.60000E-09 
4.48705E-09 
7.78627E-09 
5.78175E-09 
1.19882E-09 

3.83536E-09 
1.34654E-09 
2.35046E-09 
4.47633E-27 
2.83956E-18 
6.92606E-21 
3.48879E-10 
7.4051 5E-10 
5.79260E-42 
8.19398E-10 

9.01818E-11 
9.59910E-17 
6.47786E-11 
5.28162E-11 
2.02456E-70 
8.72926E-11 
2.49728E-32 
3.49081 E-I I 
3.37534E-11 
3.6561 I E-I 2 

4.83540E-29 
9.60659 E-29 
2.10067E-11 
5.05592E-12 
1.05204E-29 
4.37049E-12 
9.30370E-12 
3.54649E-12 
2.79492E-21 
4.491 20E-I 2 

pH of 9.1 and a temr 

3.05871 E-I4 
2.85074E-14 
2.82434E-14 
2.53329E-14 
2.34127E-14 
2.0441 6E-14 
1.99244E-14 
1.95847E-14 
1.95651 E-I4 
1.45874E-14 

I .05503E-14 
9.92386E-15 
8.22490E-15 
1.67201 E-32 
1.05622E-23 
I .33792E-25 
5.39287E-15 
4.61 127E-15 
2.59720E-47 
2.95936E-15 

1.96999E-15 
7.47552E-22 
8.69320E-16 
6.3171 6E-16 
2.54289E-75 
5.30579E-I6 
I .81753E-37 
2.4701 6E-16 
2.29431 E-I6 
I .74751 E-I6 

1.58687E-34 
9.30205E-34 
5.76478E-17 
5.41 138E-17 
I .03634E-34 
4.47960E-17 
3.23320E-17 
2.64938E-17 
3.34404E-26 
1.67058E-17 

ature 
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Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

Eh = 0.0 
SPECIES 

AL 3+ 
ZNCL3 - 
PBH2P04 + 
CRCL 2+ 
CUH2P04 + 
PBFZ 
H2M004 
U02F2 
PB2OH 3+ 
PBCL3 - 
ALF4 - 
ALSO4 + 

. FEF3 
U02S04 
v 0 2  + 
H4V04 + 
vo 2+ 
SE04 2- 
HCL 
FE 3+ 

FES04 + 
U02F3 - 
PB3(OH)4 2+ 
AL(SO4)P - 
ZN2(OH)6 2- 
U02CL + 
U02(S04)2 2- 
ZNCL4 2- 
V(OH)2 + 
AS03 3- 

PBCL4 2- 
H2F2 

H2SE 
PBF3 - 

CRCL2 + 
' ALF5 2- 

FE(SO4)P - 
FECL 2+ 
MOO2 + 
SE 2- 

In speciation in leacha 

'olts 
PPM 

4.36401 E-I 3 
2.65592E-12 
3.69384E-12 
1.00995E-12 
1.63968E-12 
2.1 5644E-12 
1.01 877E-12 
1.59818E-I2 
1.64721 E-1 2 
I .02136E-I 2 

2.44013E-13 
2.21 894E-I 3 
I .07771 E-I 3 
3.05405E-13 
3.46573E-I4 
4.57846E-14 
2.35386E-14 
4.27668E-14 
6.61742E-15 
5.68642E-15 

7.79888E-15 
1.38126E-I4 
2.61967E-14 
6.44660E-I 5 
6.34278E-I5 
5.37984E-15 
7.51406E-15 
3.20297E-15 
5.34910E-16 
6.15942E-16 

I .08860E-15 
I .04498E-16 
5.56643E-16 
I .69995E-16 
1.87853E-16 
I Li3693E-I 6 
2.53604E-16 
5.72297E-17 
7.91 494E-17 
4.37757E-17 

solution modeled u! 

I .62455E-17 
I .55332E-17 
I .21969E-17 
I .16001E-l7 
I .02591 E-I7 
8.83357E-18 
6.31843E-18 
5.21 137E-18 
3.83509E-18 
3.27168E-18 

2.3801 OE-I 8 
1.81134E-18 
9.59273E-19 
8.37929E-19 
4.1 9704E-I 9 
3.86539E-19 
3.53186E-19 
3.00478E-19 
1.82294E-19 
1.02271 E-I 9 

5.1 5659E-20 
4.24239E-20 
3.81544E-20 
2.95524E-20 
2.73655E-20 
I .76888E-20 
1.63310E-20 
1.55272E-20 
6.32412E-21 
5.03305E-21 

3.13286E-21 
2.62316E-21 
2.1 1624E-21 
2.1 0860E-21 
1.53523E-21 
1.26562E-21 
1.02723E-21 
6.29599E-22 
6.21376E-22 
5.56851 E-22 

AL 3+ 
ZNCL3 - 
PBH2P04 + 

CUH2P04 + 
CRCL 2+ 

PBFZ 
H2M004 
U02F2 
PB2OH 3+ 
PBCL3 - 
ALF4 - 
ALSO4 + 
FEF3 
U02S04 
v 0 2  + 
H4V04 + 
vo 2+ 
SE04 2- 
HCL 
FE 3+ 

FES04 + 
U02F3 - 
PB3(OH)4 2+ 
AL(SO4)P - 
ZN2(OH)6 2- 
U02CL + 
U02(S04)2 2- 
ZNCL4 2- 
V(OH)2 + 
AS03 3- 

PBCL4 2- 
H2F2 

H2SE 
CRCL2 + 

PBF3 - 

ALF5 2- 
FE(S04)2 - 
FECL 2+ 
MOO2 + 
SE 2- 

folts 
PPM 

4.36420Ei13 
2.65597E-12 
3.69495E-12 
2.06540E-23 
1.69340E-I2 
2.1 5641 E-I 2 
1 .01875E-12 
I .59804E-I 2 
1.64730E-12 
1.02138E-I2 

2.44008E-13 
2.21 894E-13 
1.13923E-13 
3.05382E-13 
3.46567E-14 
4.57838E-I4 
3.42814E-23 
9.95778E-03 
6.61746E-15 
6.01 146E-15 

8.24431 E-I5 
1.38114E-14 
2.61972E-14 
6.44664E-15 
6.34282E-15 
5.37951 E-I5 
7.51372E-15 
3.20311E-15 
I .I 3456E-33 
1.30649E-33 

1.08866E-15 
1.04497E-16 
5.56637E-16 
8.01 1 17E-76 
3.84164E-27 
1.53691 E-I6 
2.68090E-16 
6.04997E-17 
1 .I 5270E-25 
2.06301 E-76 

MOLALITY 

I .62462E-17 
I S5335E-17 
1.22006E-17 
2.37226E-28 
1.05952E-I7 
8.83345E-18 
6.31828E-I8 
5.21 092E-I 8 
3.83528E-18 
3.271 77E-I 8 

2.38004E-18 
1.81 135E-18 
1.01404E-18 
8.37868E-19 
4.1 9697E-I 9 
3.86532E-19 
5.14376E-28 
6.99630E-08 
1.82295E-19 
1.081 17E-19 

5.451 1 I E-20 
4.24203E-20 
3.81551E-20 
2.95525E-20 
2.73656E-20 
I .76877E-20 
1.63302E-20 
I .55279E-20 
1.341 36E-38 
1.06757E-38 

3.1 3302E-21 
2.62313E-21 
2.1 1622E-21 
9.93697E-81 
3.13958E-32 
I .26560E-21 
I .08591 E-21 
6.65573E-22 
9.04948E-31 
2.62427E-81 

I 1  

of 12 degrees C. See text for further discussion. 

G-54 



Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

Eh = 0.0 
SPECIES 

CR04 2- 
VOS04 
U(OH)3 + 
FEHP04 + 
VOF + 
(U02)2(OH)2 2+ 
CUCL3 - 
SE2 2- 
V409 2- 
(U02)3(OH)5 + 

H4AS03 + 
U02F4 2- 
H2S04 
FEH2P04 2+ 
FECL2 + 
FE2(OH)2 4+ 
UO2H2P04 + 
AL2(OH)2 4+ 
V4012 4- 
HCR04 - 

VOF2 

HMO03 + 
ALF6 3- 

PBF4 2- 
VOH 2+ 

FE3(OH)4 5+ 
HSEO4 - 
CUCL4 2- 
FECL3 

HV6017 3- 

U(OH)2 2+ 

H2V204 2+ 
AL3(OH)4 5+ 
v 3+ 
U02(H2P04)2 
MN 3+ 

VOF3 - 

U(HP04)4 4- 
H2V6017 2- 
H2SE04 

,n speciation in leacha 

olts 
PPM 

Eh = 0.5 
MOLALITY 

77 
5.821 98E-17 
7.44671 E-I 7 
1 .I 2456E-16 
5.75863E-17 
I .87099E-17 
I .23239E-16 
1.83220E-17 
1.23844E-17 
2.201 25E-17 
4.93402E-17 

6.78183E-18 
1.17273E-17 
1.80148E-I8 
1.55319E-18 
1.04324E-18 
7.97240E-19 
1.59390E-18 
8.36922E-20 
2.74488E-19 
7.71763E-20 

3.76326E-20 
2.16917E-20 
9.59304E-21 
1.38605E-20 
2.39841 E-21 
1.41 562E-20 
2.1681 1 E-21 
5.65482E-22 
1.79979E-22 
1.30862E-22 

9.41 146E-23 
3.3671 1 E-23 
6.56295E-24 
1.74939E-25 
4.92052E-26 
4.03178E-25 
5.76598E-27 
1.70461 E-27 
6.6341 3E-28 
I .00558E-28 

solution modeled u! 

5.041 38E-22 
4.58875E-22 
3.90770E-22 
3.80965E-22 
2.18672E-22 
2.15623E-22 
1.08313E-22 
7.87683E-23 
6.35775E-23 
5.53647E-23 

5.36565E-23 
3.4041 4E-23 
1.8449OE-23 
1.02075E-23 
8.26679E-24 
5.49562E-24 
4.36206E-24 
9.55490E-25 
6.96636E-25 
6.62530E-25 

3.60202E-25 
1.54552E-25 
6.64739E-26 
4.91 595E-26 
3.54532E-26 
2.45724E-26 
9.24428E-27 

.3.94524E-27 
8.80287E-28 
8.10327E-28 

3.47481 E-28 
2.72881 E-28 
3.92619E-29 
1 .I 7948E-30 
9.701 82E-31 
8.72750E-31 
1.05418E-31 
2.75287E-33 
1.14955E-33 
6.96692E-34 

CR04 2- 
VOS04 
U(OH)3 + 
FEHP04 + 
VOF + 
(U02)2(OH)2 29 
CUCL3 - 
H2SE04 
V409 2- 
(U02)3(OH)5 + 

H4AS03 + 

H2S04 
FEH2P04 2+ 
FECL2 + 

U02F4 2- 

FE2(OH)2 4+ 
UO2H2P04 + 
AL2(OH)2 4+ 
V4012 4- 
HCR04 - 
VOF2 

HMO03 + 

VOH 2+ 

FE3(OH)4 5+ 
HSE04 - 
CUCL4 2- 
FECL3 

ALF6 3- 

PBF4 2- 

HV6017 3- 

U(OH)2 2+ 

V2(OH)2 4+ 
AL3(OH)4 5+ 
v 3+ 
U02(H2P04)2 
MN 3+ 

VOF3 - 

U(HP04)4 4- 
H2V6017 2- 

olts 
PPM 

3.85425E-01 
1.08451 E-25 
2.38509E-34 
6.08932E-I7 
2.72483E-26 
1.23223E-16 
1.891 71 E-I 7 
2.341 32E-17 
9.90257E-53 
4.93294E-17 

I .43844E-35 
1.17264E-17 
1.80148E-18 
1.64241 E-I 8 
1 .I 0283E-18 
8.90976E-19 
I .59427E-18 
8.36988E-20 
2.74489E-19 
5.1091 1 E-04 

5.48057E-29 
2.16920E-20 
9.59287E-21 
1.38605E-20 
5.08718E-39 
1.41 551 E-20 
2.561 53E-21 
1.31664E-10 
1.85830E-22 
1.38338E-22 

1.9961 2E-40 
4.90366E-32 
1.91254E-80 
1.74960E-25 
1.04370E-43 
4.03386E-25 
3.95923E-I8 
3.61994E-45 
6.63340E-28 

MOLALITY 

3.33748E-06 
6.68286E-31 
8.28789E-40 
4.02842E-22 
3.18465E-31 
2.15596E-22 
1.11831E-22 
1.62213E-22 
2.86010E-58 
5.53525E-23 

I .I 3807E-40 
3.40389E-23 
1.84491 E-23 
1.07938E-23 
8.73906E-24 
6.141 78 E-24 
4.36305E-24 
9.55565E-25 
6.96640E-25 
4.38598E-09 

5.24575E-34 
1.54554E-25 
6.64728E-26 
4.91 595E-26 
7.51985E44 
2.45705E-26 
1.09217E-26 
9.18590E-16 
9.08901 E-28 
8.56619E-28 

7.36990E-46 
3.97408E-37 
I .41356E-85 
1 .I 7962E-30 
2.05788E-48 
8.73201 E-31 
7.23853E-23 
5.84605E-51 
I .14942E-33 

ig WATEQF (Plummer et al., 1976), using a mean pH of 9.1 and a temperature 
of 12 degrees C. See text for further discussion. 
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SPECIES MOLALITY 

MOO2 2+ 

UOH 3+ 
VOH + 

H2CR04 
U(HP04)3 2- 
v 2+ 

U(HP04)2 
’ PB(OH)6 2- 

SIF6 2- 
UO2(H2P04)3 - 

SPECIES PPM 

UF2 2+ 
UF3 + 
U F4 
UF 3+ 
UHP04 2+ 
U(S04)2 
UF5 - 
US04 2+ 
u 4+ 
UF6 2- 

UCL 3+ 
CR207 2- 
MO 3+ 
V2(OH)2 4+ 
u 3+ 
MN04 2- 
VI0028 6- 
PB(OH)8 4- 
HV10028 5- 
MN04 - 
PB 4+ 
H2V10028 4- 

In sDeciation in leacha 

PPM 

6.78321 E-29 
3.81920E-30 
1.22294E-29 
3.10199E-30 
1 .I 0978E-29 
4.41 282E-31 
4.60697E-31 
1.79503E-31 
5.59232E-32 
2.60205E-32 

5.00518E-33 
3.63191E-33 
3.38219E-33 
8.1 681 3E-34 
7.46342E-34 
8.23956E-36 
4.42369E-36 
3.34529E-36 
3.99321 E-37 
7.54603E-38 

1.40145E-39 
7.32216E-42 
4.09938E-44 
4.25093E-45 
2.42153E-47 
2.38971 E-51 
I .40982E-51 
1.58176E-52 
1.83567E-55 
7.03952E-62 
9.02677E-62 
1.12304E-61 

solution modeled u! 

5.32528E-34 
5.64552E-35 
4.81632E-35 
2.64020E-35 
2.11929E-35 
8.70079E-36 
I .49633E-36 
4.19304E-37 
3.95353E-37 
4.65881 E-38 

1.821 30E-38 
1.23649E-38 
1.08181E-38 
3.1 91 96E-39 
2.24437E-39 
I .92399E-41 
I 33422E-41 
1.00574E-41 
I .68502€-42 
2.1 531 1 E-43 

5.14708E-45 
3.40 505 E-47 
4.29172E-49 
3.1 41 85E-50 
1.021 82E-52 
2.01812E-56 
1.47906E-57 
4.62842E-58 
1.92380E-61 
5.94489E-67 
4.37578E-67 
1 .I 7571 E-67 

MOO2 2+ 

UOH 3+ 
VOH + 

H2CR04 
U(HP04)3 2- 
v 2+ 
PB(OH)6 2- 
U(HP04)2 
SIF6 2- 
UO2(H2P04)3 - 
UF2 2+ 
UF3 + 
U F4 
UF 3+ 
UHP04 2+ 
U(S04)2 
UF5 - 
US04 2+ 
u 4+ 
UF6 2- 

UCL 3+ 
CR207 2- 
MO 3+ 
H2V204 2+ 
u 3+ 
MN04 2- 
VI0028 6- 
PB(OH)84- . 
HV10028 5- 
MN04 - 
PB 4+ 
H2VI 0028 4- 

6.78321 E-29 
1 .I 7976E-56 
2.59386E-47 

2.35588E-47 
2.05352E-I4 

1.36316E-57 
2.1 7206E-I 3 
3.80934E-49 
5.59228E-32 
2.60419E-32 

1.061 56E-50 
7.70285E-51 
7.17313E-51 
I .73246E-51 
I .58343E-51 
1.74754E-53 
9.38202E-54 
7.09522E-54 
8.47000E-55 
1.60043E-55 

2.97251 E-57 
3.20898E-10 
1.26637E-70 
1.39201 E 4 1  
7.48016E-74 
5.31 177E-16 
1.40980E-51 
7.45809E-35 
1.83553E-55 
1.07437E-17 
4.25617E44 
1 .I 2289E-61 

MOLALITY 

Appendix A 
Aqueous Speciation of constituents in Estimated Waste-Cell Leachate 

5.32528E-34 
I .74392E-61 
1.02155E-52 
1.74782E-19 
4.49891 E-53 
2.68775E-62 
7.05479E-19 
8.89829E-55 
3.95350E-37 
4.66263E-38 

3.86286E-56 
2.62245E-56 
2.29436E-56 
6.77015E-57 
4.761 61 E-57 
4.08062E-59 
2.82968E-59 
2.1 3314E-59 
3.57410E-60 
4.56649E-61 

I .09171 E-62 
1.49228E-15 
1.32579E-75 
8.32752E-47 
3.1 5641 E-79 
4.48581 E-21 
1.47904E-57 
2.18233E-40 
1.92365E-61 

2.06320E-49 
1.17556E-67 

9.07307E-23 

II 

of 12.degrees C. See text for further discussion. 

(3-56 
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F i i O M  

. R E C I P I T A T I O N  

0 . 0 6 0  ( 0 . 0 9 9 3 )  2 1 7 6 . 9 2  6 ,  : j 3 2  I 
I 
t 14.235) ( 2 . 5 2 7 0 )  5 1 9 0 4 3 . 4 7  9 2 . 5 1 . 3  

0 . 3 0 0 0 0  ( 0 .  0 0 0 0 0 )  



HAR-25-96 MON 14:M HLVti UUU 

INITIAL SOfL WATER CONTENT - 0.1591 VOL/VOL 
EFFECTIVE SAT. HYU. COND. = 0.370000005000E-01 CbI/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER - 
MATERIAL TFXTURE NUPBER 19 

204.00 INCHES 7 

0.1680 VOL/VOL 
0 . 0 7 3 0  VOL/VOL FIELT, CAPACITY 

WlLTING POINT 
'-'..rTTT':;:: _ . _  _,. ,:,sf;! :.:?>yy!. (y>y?p? = 0 . 0 7 3 0  VOL/VOL 

T H r C K N E S S  - - 
POROSITY - - 

CFFECTIVE. SAT, HM. COND. = 0 . 1 u 0 0 0 0 0 6 5 0 0 0 2 - 0 2  

0.0190 VOL/VOL - - 

TYPE 1 - VERTICAL PERZOtATIOI ' l  LAYER 
MATERIAL TEX'ZZTRE I NUbBER 20 

0'.20 INCHES 
0.8500 VOL/VOL 
0 . 0 L O  0 VOL/VCL 

- THICKNESS - 
POROSITY - 
FIELD C A P h I T Y  - - WILTING POINT O. O O 5 0  VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 . 0 1 0 0  VOL/VOL 
Z 'FFECTIm SAT. HYD. COND. = 10.0000000000 CM/SEC 

- 
- 

LAYER 12 

'L'H I CKNESS 
POROSITk' 
F I E L D  CAPACITY 
W I L T I N G  POINT 
I N I T I A L  S O I L  WATER COI?TENT 
EFFECTIVE SAT. HYD. COND. 3 . 

LAYER 1 3  
- _ _ _ - - - -  

..... . . . . .  
3 . 3 G 0 0  
0 . 0 3 5 8  
0.0210 
0 . 0 3 5 8  

3 0 9 0 0 0 0  

..-. 
VOL /VOL 
VOL/VOL 
V O I ~ / V O L  
VOL/VOL 
2000 CM/SEC 



tlf3K-ZS-Ytj flUN I 4 : ; J U  ULVti u w  
/ 

PHX NU, 3U3 Y t i t i  t l l t i8  Y. u3 

INITIAL S O I L  WATER CONTENT = 0 . 0 3 5 8  VOL/VOL 

1.00 PERCENT SLOPE 
DRAINAGE LENGTH 

E F F E C T I a  SAT.  HYD. COND. = 3 30900002000  CM/SCC 
- - 

2 3 5 . 0  ' FEET 0 

LAYER 1 4  
_ - _ _ _ _ _  - 

TYPE 4 - FLEXIBLE MEMBRANE, LINER - I- c , c L ~ - ' f c  

0 - 08 INCHES /YCmbpafic 
MATERIAL TEXTURE NUMBER 35 Co/lc c - - THICKNESS 

PoQ.nsITY 

WILTING POINTi. 

o.oooo VOL/VOL 

o.oooo VOL/VOL 

- c 
$3 i &-Jj ('AijAC 1'1 .[ . .  e ,  o o c o  V0Ljlji;L: 

I N I T I A L  S O I L  WATER CONTENT 2 0'. 0 0 0 0  VOL/VOL 
- - 

EFFECTIVE: SAT. HYD. COND. = 0 .199999996000E-12  CM/SEC 
FML PINHOLE DFJTSITY - - 2 . 0 0  HOLES/ACRE 
FML INSTALLATION DEFECTS - - 2 . 0 0  HOLES/ACRE 
FTfL PLACEMEW" QUALITY = 4 - POOR 

LAYER 15 
_ - _ - _ _ _ -  

,' . ?  
\ 
TYPE 2 - IATERAL DRAINAGE LAYER - 6 ecc:-o;:: . :Jc;:  :. ,: 

i*aTERI.R.L TEXTURE NUMBER 2 0  
1-00 I N C I G S  

... . .. 0 .  a500 VOL/VOL, 
o.oioo VOL/VOL 

0.0100 VOL/VOL 
= 10 . o o o o o o o o o o  Cbl/SZc. 

- - T X  I CKr.rES S 
POROSITY 
FIELD CAPACI'I 'Y 

I N I T I A L  S O I L  WATER COLflENT = 
EFFECTIVE S A T .  HYD. COND. 
SLOPE 
D?.AiNAGF: LENGTH 

- - 
NILTING DCIlJT - - 0 . 0 0 5 0  VOL/VOL 

1.00 PERCE3IT - - 
2 3 5 . 0  E'EET - - 

LAYER. 16 
_ _ _ - _ _ -  - 

r Y r ~  r - FI,EXIBLE MEMBRANE LINER - le?k cj 
YATERIAL TEXiI 

TfiIC-a'ESS 
PO ROS I TY 
FIELD C A P A C I T Y  
WILTING POINT 
I N I T I - U  S O I L  WATER CONTENT 
ZFFECTIVE Sh?' .  KYD. C O m .  
FPIL PINHOLE D E N S I T Y  ' 

Ft;?L INSTALIATION DEFECTS 
FML PLqCEMENT Q U A L I l ' Y  

rJWrnEK 35 
0 . 0 8  
0 . 0 0 0 0  
0 . 0 0 0 0  
0 . 0 0 0 0  

. 0 . 0 0 0 0  
0 . 1 9 9 9 9 9 9 9  

2 . 0 0  
2 . 0 0  

4 - POOR 

INCHES 
VOL/VOL 
VOL/VOL 
VOL/VOL 
vo 1 I / vo L 

6 0 0 ()E - 1.2 Cb!/ST<c 
HOLES/ACRE 
KO J ~ E S  / ACRE 

! 



rV1R-25-96 HON .14 : 39 BLDG 080 F A X  NU. 303 966 8'168 u4 

'TYPE 3 - BARRIER SOIL LIITE1I 
MATERIAL TEXTURE NUMBER 15  

THICKNESS I - 3 G . 0 0 INCtlES 
POROSITY - - 0 . 4 2 7 0  voL/vor! 
FIELD CAPACITY = 0 . 4  180 VOL/VOL 
WILTING POINT e 0 - 3 6 7 0  VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4270 VOL/VOL 
EFFECTIVE SAT. HYD.  COND. = 0.100000001000E-06 e:+r/sric 

TOTAL 
TOTMI 

INITIAL WATER 
SUBSURFACE INnOW 



HAR-25-96 MON 14:39 BLDG 080 

' ' L G E  W ACROSS 'I'OP 
&F LAYER 17 

FAX NO. 303 966 8768 

0 . 0 0 0  ( 0 . 'OOO)  

P, 05 



rnn I1W. 3UJ JUU U lUU 1 .  uu 

~ i * * ~ ~ * ~ k t * * t C f * * . f * * * * ~ * ~ ~ * * * * * * * . * * * * * * * * ~ * * ~ * * * ~ ~ * * * * * * * * * ~ f . ~ ~ * * * ~ * * * * * * ~ ~ * ~  

PEAK D A I L Y  VALUES FOR YEARS 1 THROUGH 100 

PRGCI  PITAT I O N  

RiTL\TO F F 

D:Ui.INAGE COLLECTED FROM LAYER 6 

PERCOLATION/LE!AKAGE THROUGH LAYER 8 

lr 

AVERAGE HEAD ACROSS LAYER 8 
t 

DRAINAGE COLLECTED FROM LAYER 1 3  

PERCOLATION/LEAKAGE THROUGH LAYER 14 

AVERAGE H E 3 0  ACROSS LAYER 1 4  

E?-iINE.GE COLLECTED FROM LAYER 1 5  

PE?COLA'J?TON/LE&KAGE THROUGH LAYEIi 1 7  

7 ,-, 7 :*.LL:O.GE IEAD ACRO S LAYER 17 

_ _ _ - - _ - _ - _  
2 .49  

0 . 3 9 2  

0 .58218  

0 . 0 0 0 0 0 1  

0 . 3 3 0  

0 . 0 0 0 0 0  

0.000000 

0 . 0 0 0  

0 . 0 0 0 0 0  

0 . 0 0 0 0 0 0  

0 . 0 9 0  

1.55 

(CU. F T . )  

9 0 3 8 7 . 0 0 0  

1 4 2 3 6 . 7 5 4 9  

2 1 1 4 3 . 8 4 1 8 0  

0.01920 

_ _ _ - _ -  - - - - _ _ c  . .  

0.00001 

0 . 0 0 3 7 7  

0 . 0 0 3 4 5  

0 . 0 0 0 2 5 '  

5 6 4 2 5 , 5 5 0 8  

VOL/VOL 1 3 . 2 2 3 7  

VOL / VOL ! 0 . 0 3 ' ! 0  



1 

** 
* *  
* *  
* *  
* *  

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANC~ 
HELP MODEL VERSION 3.01 (14 OCTOBER 1934) 

DEVELOPED BY ENVIRONMENTAL'LAEORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA R I S K  REDUCTION EXGINEERING LABOWTORY 

PRECIPITATION DATA FILE: C:\HELP3\FIAINlOO.D4 
TEMPERATlTRE DATA FILE: C.\KELP3\RAINlOO.D7 
SOLAR RADIATION DATA FILE. C:\€ELP3\RAINlOO.D13 
EVAPOTRANSPIRATION DATA: C:\HELP3\RAINlOO.D11 
SOIL AICD DESIC?: TPTP F r y , ?  C: \HELP3\RAIN18 .D10 
OUTPUT DATA FILE: C:\HELP3\RAINlOON.OUT 

TIME: 11:18 DATE: C./ 7 / 1 9 9 6  I 

TYPE 1 - 'JERTICAL PERCOLATION LAYER 
VATERIAL TEXTURE NUMBER 2 

THICKIhTESS 1 2 . 0 0  INCHES 
POROSITY - - 0.4370 VoL/VOL 
FIELD CAPACITY - - 0 . 0 6 2 0  VOL/VOL 
WILTING POINT - - 0 . 0 2 4 0  VOL/VOL 
I N I T i i V I  SOIL WATER CONTENT = 0.0495 VOL/VoL 
EFFECTIVE SAT.  X Y D .  COND. = 0 . 5 7 9 9 9 9 9 9 3 0 0 0 E - 0 2  CPI/SE;C 

NOTE : SATURATED INDXAlJL,IC CONDUCTIVITY IS blULTIPLIED I?': :i. 3 0  
FOR ROOT CHANNELS IN TOP W F  OF EVAPORATIVE ZOCJ3. 



a ..---. 
TYPE 1 - VERTICAL PERCOLATION LAYER 

MATERIAL TEXTURE NUPIBER 2 
1 2 . 0 0  IIdcHEC: THICKNESS - 

POROSITY - - 0 . 4 3  70  VOL/VOL 
F I E L D  CAPACITY - - 0 - 0 6 2 0  VOL/VOL 
WILTING POINT - - 0 . 0 2 4 0  VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 ~ 0572 VOL/VOL 
EFFECTIVE S A T .  HYD. COND. = 0 . 5 7 3 9 3 3 9 9 3 0 0 U E - 0 2  C'M/SEC 

TYPE 1 - VERTICAL PERCOL*-TIO>J LiY-YLJ:? 
MATERIAL TEXTURE IWIBER 2 

THICKNESS - - 1 . 0 0 I ILTCHIF:S 
POROSITY - - 0 . 4 3 7 0  vor,/voL 
FIELD CAPACITY - 0 .  0 6 2 0  v o L / v o L  
W I L T I N G  POINT - - 0.0249 i ~ O L / V O I J  
INITIZLL SOIL WATER CONTENT = o . o 9 a 1 VC:IL,WX~ 
EFF'ECTIVE sxr. HYD. COND. = 0 .  ~ 7 i 1 9 9 ~ 9 9 3 ~ 3 i ) ! 1 : - - ~ 2  CM/S!2C 

I 



I /-. 
TYPE 1 - VERTICAL PERCOLATION LAYER 

F.&TERIAL, TEXTURE NUMBER 2 0  
'TH 1: C I W S  S - - 0 . 2 0  INCHES 
POROSITY - - 0 . 8 5 0 0  VOL/VOL 

WILTING POINT' - - 0 . 0 0 5 0  VOL/VOL 
I N I T I A L  S O I L  WA'TE!Z CONTENT = 0 . 0 7 0 3  VOL/VOL 
E F F E C T I V E  S A T .  T f D .  COND. = 10 .0000000000  CM/SEC 

FIELD CAPACITY - - 0.0100 VOL/VOL 

LAYER 7 

TYPE 1 - V3:RTICAL PERCOLATION LAYER 
[.LirmI.u, TEXTURE NUFIBER 43 

m1cI;NEss - - 1 2 . 0 0  INCHES 
POROSITY - - 0 . 3 6 0 0  VOL/VOL 
FIELD CAPACITY - - 0 . 0 3 5 8  VOL/VOL 

INITIAL SOIL kiA'.i'Zb'. CONTENT = 0 . 0 5 2 2  VOL/VOL 
EFFECTIVE SA'I'. 3W. C O m .  = 3 . 3 0 9 0 0 0 0 2 0 0 0  CM / S E C 

WI LT I N G  PO I N'I' - - 0 . 0 2 1 0  VOL/VOL 

-. 



FML INSTALLATION DEFECTS - - 2 . 0 0  HOLES/ACRE 
FML PLACEMENT . Q U A L I T Y  = 4 - POOR 

. .. 

. ... 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 2 0  

THICKNESS 3 1.00 INCHES 
POROSITY - - 0 . 8 5 0 0  VOL/VOL 

W I L T I N G  P O I N T  - - 0 . 0 0 5 0  VOL/VOL 

EFFECTIVE SAT. HYD. COND. = 10.0000000000 CM/SEC 

DRAINAGE LENGTH - 2 3 5 . 0  FEET 

F I E L D  CAPACITY - - o.oioo VOL/VOL 

I N I T I U  SOIL WATER CONTENT = 0 . 0 1 0 0  VOL/VOL 

SLOPE 3 ' 1 . 0 0  PERCENT 
- 

TYPE 4 - FLEXIBLE MEPIRRANE L I N E R  
MATERIAL TEXTURE NUW3ER 35 

TH ICWESS -- - 0 . O B  INCHES 
POPOS I T Y  = 0 . 0 0 0 0  VOL/VOL 
F I E L D  CAPACITY =A 0.0000 VOL/VOL 
WILTING POINT - - 0 . 0 0 0 0  VOL/VOL 
I N I T I A L  SOIL WATER CONTENT = 0.3000 VOL/VOL 

Pi4L PINHOLE DENSITY - - 2.00 HOLES/ACRE 
L+iL INSTALLATION DEFECTS - - 2.00 HOLES/.r\CRE 

ZFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

FML PLACEMENT QUALITY 4 - POOR 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTTJN NUMBER 1 6  

r!'!3 I c -WE s s - - 36.00 INCHES 
P 0 RO S I TY - - 0.4270 VOL/VOL 

WILT XNG P O I N T  =, 0 . 3 6 7 0  '.V'OL/VOL 

EFFECTIVE S A T .  HYD. C O W .  = 0.100000001000G-06 CM/SEC 

FIELD CAPACITY - - 0.4180 VOL/VOL 

I N I T I A L  S O I L  WATER CONTENT = 0 . 4 2 7 0  VOL/VOLj 



NOTE: SCS RUNOFF CURVE NUMBER W A S  COMPUTED FROM DEFAULT 
SOIL DATA BASE USING S O I L  TEXTURE # 2 WITH A 
POOR STAND OF GRASS,  A SURFACE SLOPE OF 3. % 
AND A SLOPE LENGTH OF 235. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN ENAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE S'1Y)RAGE 
INITIAL SNOW WATER 
I N I T I A L  WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

73.10 
100.0 
10 - 0 0 0  
18.0 

0 . 7 4 0  
7.866 
0 . 4 3 2  
0 . 0 0 0  

35.229 
3 5 . 2 2 9  

0 . 0 0  

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
I N C H E S .  
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

NOTE: EVAPOTRANSPIRATION DATA W A S  OBTAINED FROM 
DENVER COLORADO 

MAx1'MUM LEAF ARBA INDEX 
STAKT OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE A.t'WUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTZR RELATIVE HUMIDITY 

AVEWGE 4TH QUARTER RELATIVE HUMIDITY 
AVERAGE 3Ml QUARTER RELATIVE HUMIDI'IY 

= 1.00 
= 1 3 7  
= 2 5 4  
= 8 . 8 0  I4PH 
= 5 4 . 0 0  % 
= 5 0 . 0 0  f 
= 4 9 . 0 0  % 
= 5 4 . 0 0  2 

NOTE : P R E C I P I T A T I O N  DATA WAS SYNTHETICALLY GENERAl'ED' USING 
COSFFICIENTS FOR DENVER COLORADO 

NO?J+L4L !.'IEAM MONTHLY PRECIPITATION (INCHES) 

NOTE : TEi.IPE,UTURE DATA WAS SYNTHETICALLY GENERATED U S I N G  
COEFF I C 1  ENTS FOR DENVER COLORADO 

NOIU*l?& blFEAN !.iONTHLY TEMPERaTURE (DEGREES FAHRENHEIT) 



NOTE: SOLAR RADIATION DATA W A S  SYNTKETICPLLY GZ>?i<!?l~TI?Ll USING 
COEFFICIENTS FOR DENVER cor,oiL;\DO 

STATION LATITUDE = 3 9 . 7 7  DEGREES 

AVERAGE MONTHLY VALUES I N  INCHES FOR YEAiiS 1 TJ-IR@UG!i 100 

PREC I P I T A T  I O N  
- - _ - - - - - - -  - - -  

TOTALS ' 0 . 5 3  0 . 7 8  1.25 1. . 7 .5 2.39 1.60 
2.01 1.48 1 . 3 2  0 . 9 2 8.00 0.61 

STD. DEVIATIONS 0 . 3 7  0 . 4 4  0 . 6 5  2, 51 3 1 . 2 1  0 . 9 4  
1 . 1 2  0 . 8 4  0.82 i\ 1 7- 3 55 0.36 

0 . 0 0 6  0 . 0 2 8  3 . 0 2 3  9 . ::> (1 (: 3.801 ' 0,000 
0 . 0 0 0  0 . 0 0 0  0.300 3 . 1:; 5 5 . 3 0 0  c .  0 0 4  

S T D ,  DEVIATIONS 0 . 0 2 0  0.076 
0 . 0 0 0  0 : ooo  

SVAPOTRAPTSPI RATION 
- - - - -  

TOTALS 0.549 0.592 
2.215 1.372 

STD. DEVIATIONS 0.262 0.338 
0.932 0.767 

STD, DEVIATIONS 0.0224 0.0211 
0 . 0 2 6 4  0.0254 

PBRCOFS\TION/LEAKAGE THROUGH LAYER 9 
- - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
TOTALS 0 . 0 3 2 5  0 . 0 2 8 1  

0 . 0 2 6 5  0 . 0 2 9 5  

STD. DEVIATIONS 0.0102 0.0095 
0.0136 0.0133 

e. 

0.001 
0 .01 .3  

1.703 
0.613 

0 . 0 3 5 3  
0.0554 

0.0267 
0.0198 

0 . 0 7 . 3 2  
0 ..0380 

0 . 0 1 2 7  
0 . 0 0 8 5  



TOTALS 0 . 0 3 2 5  0 . 0 2 8 4  0 . 0 2 9 9  0 . 0 2 7 2  0 . 0 2 6 2  0 . 0 2 3 2  
0 . 0 2 6 5  0 . 0 2 9 5  0 . 0 3 2 5  0 . 0 3 4 3  0 . 0 3 3 5  0 . 0 3 4 0  

..-.\ STD.  DEVIATIONS 0 . 0 1 0 2  0 . 0 0 9 5  0.0110 0.0114 0.0125 0.0137. 
0 . 0 1 3 6  0 . 0 1 3 3  0 . 0 0 8 9  0 . 0 0 8 5  0 . 0 0 7 6  0 . 0 0 0 5  

PERCOLATION/LEAKAGE THROUGH L'LYER 1 r! 
-__I_________--------- - - - - - - - - - - - - - -  

TOTALS 0 . 0 0 0 0  0.0000 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0.0000 
0.0000 0.0000 0.0000 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  

STD. DEVIATIONS 0.0005 0 . 0 0 0 0  0.0000 0 . 0 0 0 0  0 . 0 0 0 0  0.0000 
0.0000 @ . O O O O  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0.0000 

DAILY AVERAGE HFAD ACROSS LAYEX 3 
_ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ - - - - - - - - - - - - - - - - -  
AVERAGES 0.0010 . C ) . O O l O  0 . 0 0 0 9  0 , 0 0 0 9  0 . 0 0 0 8  0 . 0 0 o a  

0 .  OC'OD 0 .  GO10 0.0011 0.0011 0.0011 0.0011 

STD. DEVIATIONS 0.13013.; 3 . 5 0 0 4  0 . 0 0 0 4  0.ooOS 0 . 0 0 0 5  0.0005 
0 . 0 0 : I S  0 . 0 0 0 5  0 . 0 0 0 4  0 . 0 0 0 3  0 . 0 0 0 3  0 . 0 9 0 4  

:j. c 9 0 1  0 . 0 0 0 1  0 . 0 0 0 2  0 . 0 0 0 2  0 . 0 3 0 2  
0 . 3 ' 3 9 2  i;.ooc!2 0.0001 0.0001 . 0.0001 0.0001.  

. i.;;').*. ; S T D .  DEViATIO>IG .. ., e-* - 

P R E C I P I T A T I O N  

RUNOFF 

EVAPOTRANS P I RATICN 

AVERAGE HEAD ACROSS TOP 
OF LAYER 9 

( 2 . 9 0 9 )  5 6 0 4 4 3 . 0  1OG.Oc) . .- 
' 3 .  .I< 

2 . 0 5 2  ( 0 . 0 9 9 8 )  2 2 5 1 . 8 5  0 . 4 0 2  

;-!; , .: j :; < 2 . 5 6 2 3 )  5 2 3 9 4 9 . 4 4  3 3 .  !,OS 

0 :< I: :: -1 20634.100 3 . 6 8 1 7 5  ( 0 . 2 1 2 3 5 )  

0.001 ( 0.000) 



LYl'EXAL DLRAINAGE COLLECTED 0.35783 ( 0 .09919)  1 2 9 8 9 . 2 6 2  2 . 3 1 7 6 8  
FROM LAYER 10 

,---. 
ERCOLATTON/LE-QKAGE THROUGH 0 . 0 0 0 0 1  ( 0 . 0 0 0 0 0 )  &&@€j 5 0 . 0 0 0 0 4  

FROr.1 LAYER 12 

AVEMGE HEAD ACROSS TOP 0 . 0 0 0  ( 0 - 0 0 0 )  
OF LAYER 12 

CHANGE I r i  WTER STORAGE 0.017 ( 0 . 7 3 0 3 )  6 1 8 .  o a  0 - 110 

- .  



* * * * * * * * * * * * * * * * * * t * * * ~ * * * * * * * * * ~ * ~ * * * * * * * * * * * * * * * ~ * * * * ~ ~ * * * * * ~ * * * * * * * ~ * * * * ~ i *  

.*.. PEAK DAILY VALUES FOR YEARS  THROUGH 1 0 0  0 

RUNOFF il ' 0.394 14310.1660 

DRAINAGE COLLECTED FROM LAYER 8 0 . 0 0 3 9 5  1 4 3 . 2 0 8 8 5  

PERCOLATION/LEAKAGE THROUGH LAYER 9 0 . 0 0 1 7 7 8  64.55125 

AVERAGE HFAD ACROSS LAYER 9 0 . 0 0 2  

DRAINAGE COLLECTED FROM LAYER 10 0.00169 61.37564 

PERCOLATION/LE.kKAGE TKROUGH LAYER 1 2  0 . 0 0 0 0 0 0  0 . 0 0 0 7 8  

AVERAGE HEAD ACROSS LAYER 1 2  0 . 0 0 1  

SNOW WATER 1 . 5 5  5 6 4 2 5 . 5 5 0 8  

MAXIMUM V E G .  SOIL WATER (VOL/VOL) 0 . 1 8 9 6  



FINAL WATER STORAGE AT END OF YEAR 100 
- - - - _ _ _  

LAYER . ( I N C H E S  1 ( VOL/VOL I 
_ - - - _  - - - - - - _ _  - - - - - _ - - -  

1 0 . 3 6 9 7  0 . 0 3 0 0  

2 1.8921 0 . 1 5 7 7  

3 0 . 4 3 7 0  0 . 4 3 7 0  

4 2 . 5 6 2 0  0 . 4 2 7 0  

5 1 4 . 8 9 2 0  0 . 0 7 3 0  

0 . 0 8 0 0  6 0 . 0 1 6 0  

7 0.9514 0 . 0 7 9 3  

8 0.4296 0 . 0 3 5 8  

9 0.0000 0 . o o o o  
10 0.0104 [) . [ j  3- 2 :i 

SNOW WATER 0 . 0 0 0  
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Table H-I Summary of Criteria Used to Evaluate Environmental Impacts' 

Criteria 

Human Health I 
Environment I 

Included in Onsite 

regulatory requirements 

Included in OU 4 
February DD 

glv.lo.1 

Table IV. 10-22 

Resources 

I) This table identifies the selection in this DD containing criteria used to evaluate the NEPA-values in the Onsite vs Offsite Evaluation (Appendix B) and the Remediation Waste 
Storage Facility Siting Study. For the Facility Design Screen, the criteria alpha-numeric designation is shown; these criteria are noted throughout the screen. For the Final 
Comparison, the related NCP criteria are listed. The Solar Ponds location was evaluated in the OU 4 February Proposed DD, and the sections where the criteria are discussed are 
also indicated. Additional criteria were also used in some of the studies (for example, cost); for a complete listing of the criteria used in each.study, see the appropriate document 
section. 

2) Direct effects'which occur at the same time and place as an action and indirect effects which occur at a later time and greater distance are generally considered by medium in this 
criterion 



Table H-2 Summary of Results: Evaluation of Environmental Impacts Onsite vs. Offsite Waste Management 

Potential Impact Onsite 

The concept of reducing overall risk to the public and the 
mvironment [from unremediated locations at RFETS] is 
nore attractive than an extended waste removal process 
using offsite disposal. sB6.0 

After the waste is placed in the cell, the risks associated 
with onsite and offsite disposal should not be significantly 
different. During construction, risk to the public will be 
minimal and worker risks can be tightly controlled. sB7.1 

Long-term waste management options onsite and offsite 
were deemed to be equally effective in containing 
contaminants because of4milar design and similar 
regulatory requirements. sB7.2 

Vehicle exhausts and potential for spills exists. Fugitive 
dust during excavation and placement. sB7.3.3 

Impacts would depend on the location of the RWSF. 
Impacts would be minimized if the selected location was 
previously developed. Impacts expected to be minimal. 
967.3.3 

Minimal damage to topsoil; site selection and erosional 
controls would minimize impacts. Spills could impact 
surface soils. sB7.3.3 

No impact on water quality is anticipated. A spill could 
create impacts, however this risk is lower than the offsite 
option due to close proximity of an onsite RWSF. 987.3.3 

Potential Impact Offsite 

National statistics suggest five accidents 
would occur during transportation of the 
waste. The magnitude of risk to the public 
is difficult to quantify; however these 
exposures would be involuntary and 
uncontrolled. sB7.1 8 Table 7-1 

Vehicle exhausts and potential for spills 
exists. Fugitive dust during excavation 
and placement. sB7.3.2 

No direct impact expected. A spill could . 
create impacts. $87.3.2 

No direct impact expected. A spill ,could 
create impacts. $87.3.2 

No direct impact expected. A spill could 
create impacts. $87.3.2 

Potential Impact for No 
Action 

Presents the greatest human health 
risk to the community in the long-term, 
depending on future actions taken to 
prevent migration and future land 
uses. These risks are calculated for 
selected Buffer zone operable units to 
be low. Industrial Area risks have not 
been calculated, but are expected to 
be higher. $87.1 

There could be local air quality 
impacts resulting from future events 
such as construction or erosion. 
587.3.1 

Not significant. 5B7.3.1 

Contamination could spread.' sB7.3.1 

~~ ~ 

Groundwater plumes will continue to 
spread. gB7.3.l 

This table shows which screening-criteria include evaluations Of environmental impacts, summarizes the potential environmental impacts of the three alternatives screened, and 
references the document section where more information is available. See also Table 7-2 in Appendix B for summary of the study results. 



Table H-3 Summary of Results: Evaluation of Environmental Impacts Remediation Waste Storage facility Siting Study' 

Criteria 

Invironment 

Ecological Risk 

;round Water Quality 

Potential Impacts for Onsite Locations 

All sites have approximately the same geomorphic 
conditions with the degree of erosion occurring at a 
predictable rate. (52.4.2 Public Protection) 
A reliable, effective, and protective facility can be 
engineered at any of the sites being considered. (s2.4.1 
CAMU) 

The presence of significant springs and seeps in certain 
Buffer Zone sites reduces their suitability because of 
potential impacts to sensitive habitats. (52.4.2 Public 
Protection) 

All the sites are located in recharge areas. (52.4.2 Public 
Protection) 

Public Protection) 
Downward migration from the unconfined aquifer is thought 
to be nonexistent.. (52.4.2 Public Protection) 
Groundwater flow in fractured claystone bedrock is thought 
to be minimal. (92.4.2 Public Protection) 
The sites have seasonally shallow water tables that may 
require engineered barriers. (s2.4.2 Public Protection) 

. All of the sites have minimal groundwater flow. (52.4.2 , 

Specific to Proposed Location at Solar Ponds Area 

none noted 

none noted 

~~ ~~ ~~ ~ ~ ~ ~ 

Local variations in shallow bedrock lithology at the 
Solar Ponds area is caused by subcropping 
sandstones, but vertical flow to deeper sandstones 
and the Laramie/Fox Hills aquifer is minimal. (32.4.2 
Public Protection) 

'This table summarized the results of the evaluations for the Onsite Remediation Waste Storage Facility Siting Study. References in the 
table indicate the section of the study where discussion of the criteria are found. 



Table H-3 (continued) 

Criteria 
~~ 

Surface Water Quality 

Irretrievable/ 
lrreversi ble 
Commitment of 
Resources 

Natural Phenomenon 
Mitigation/ 
Mitigation Measures 

Potential Impacts for Onsite Locations 

Estimates of lateral groundwater travel times from the . 
proposed sites to their nearest discharge pints are well 
below 1,000 years. (52.4.2 Public Protection) 
None of the sites are located in areas that will be impacted 
by surface water. The sites are not expected to have a 
significant impact on surface water. ($2.4.2 Public 
Protection) 

Alluvial thicknesses greater than 40 feet are potentially 
economic for the gravel resource. Portions of the Buffer 
Zone have alluvial thicknesses of 40 feet or more. (92.4.3 
RFETS Special Issues) 

wastes would remain in place is generally dependent on 
the design selected rather than location. (52.4.3 RFETS 
Special Issues) 
Jefferson County has stated a desire to maintain the Buffer 
Zone as undeveloped open space; sites in the Buffer Zone 
would impinge on this. (52.4.6 Other Stakeholder 
Concerns) 

Geotechnical stability of foundation soils is not expected to 
be a problem at any of the sites. (52.4.2 Public Protection) 
The inferred bedrock faults are not considered to pose a 
seismic risk. (52.4.2 Public Protection) 

. Minimization of the land area upon which remediation 

Specific to Proposed Location at Solar Ponds Area 

none noted 

r 

. Solar Ponds area do not constitute an economical 
gravel resource. (52.4.3 RFETS Special Issues) 
The Solar Ponds site coincides with the Site Vision by 
locating the WMF within the larger footprint of the final 
cap cove. (52.4.3 RFETS Special Issues & 52.4.4 
Regulator Support) 
Sites within the Industrial Area, including the Solar 
Ponds area, would be more readily acceptable. 
(92.4.6 Other Stakeholder Concerns) ’ 

none noted 



Table H-3 (continued) 

Criteria 

rransportation 

Short-term vs. Long- 
term 

Cumulative Impacts 

Potential Impacts for Onsite Locations 

Most of the waste targeted for the RWSF originates in the 
Industrial Area; haul distances would be shorter to sites 
inside the Industrial Area. (52.4.3 RFETS Special Issues) 

. The presence of significant clay fraction provides a 
relatively favorable environment for waste disposal, 
especially for strongly sorbed contaminants such as 
metals. (52.4.2 Public Protection) 

the onsite roads and site preparation, including building 
demolition, subsurface line removal, and rerouting access. 
(52.4.3 RFETS Special Issues) 
The timing of remedial activity implementation is more 
dependent on the WMF design and the permitting process 
than on the site selected. (52.4.1 CAMU) 

. Several locations would require construction or upgrade of 

*Impacts from plutonium consolidation or residue stabilization 
activities are not a factor for siting the WMF. (52.4.3 RFETS 

Soecial Issues) 

Specific to Proposed Location at Solar Ponds Area 

none noted 

Site preparation costs for the Solar Ponds area are at 
the upper end of the range for h e  various sites. 
(52.4.3 RFETS Special Issues) 

*Solar Ponds would be an ideal candidate to support the Site 
Vision (i.e., Buffer Zone as open pace and Industrial Area as 

industriaVwaste management) (52.4.3 RFETS Special Issues) 



Table H-4 Summary of Results: Evaluation of Environmental Impacts Facility Design Screen 

Design 

Slab on 
Grade 

Metal 
Buildings 

Entomb- 
ment 

Pyramid 
Design 

Above- 
grade 
Landfill 

waste 
isolated 
from 
substrate 
and 
ground- 
water, run- 
O f f  
diverted to 
edges 

Concrete 
Lined Cell 
with Bulk 
Placement 

provides 
reasonable 
assurances 
substrate and 
ground water 
protected, 
drainage 
around cap 

Concrete . 
Lined Cell 
with Cargo 
Containers 

see previous 
column; 
containers 
provide an 
additional 
barrier 

Hardened 
Concrete. 
Vault 

drainage 
around cap 

Silo 
Design 

drainage 
around cap, 
includes a 
liner system 

Waste 
Pile 

adequate 
for 30 
years 

No 
Action 

equivalent 
to better 
than 
landfill 

Attributes 

temporary 
facility, 
maintenance 
to avoid 
cracks 

adequate for 
30 years 

could require 
more 
maintenance 
to maintain 
protectiveness 

;round- 
uater 
'rotection 

numerous 
barriers 

very large 
footprint, 
could 
negatively 
impact 
other Site 
activities 

:onsistency relatively 
larger 
footprint, 
supports 
Site Vision 

relatively 
s m a I I e r 
footprint, 
supports Site 
Vision 

relatively 
smaller 
footprint, 
supports Site 
Vision 

footprint not 
as large as 
some 
options, 
some 
resource 
competition 
with TYP 
activities 

small 
footprint, 
ties well to 
Site Vision 

large footprint, 
short-term 
support to Site 
Vision 

large 
footprint, 
short-term 
support to 
Site Vision 

large footprint, 
timing could 
impact RFCA 
and TYP 
activities 

does not 
support 
RFCA 

consistent 
with RFCA 

The facility design screen compared designs independent of location. This screen addresses technical issues and is not a primary source of environmental 
evaluation. Potential impacts are inherent in some of the criteria. The potential impacts to the environment cluster around a few attributes: 

Some designs offer more protection to the groundwater; the presence or absence of a liner and leachate collection system being an important design 
feature. 
Designs that are consistent with the Site Vision tend to reduce commitment of land. Location of the facility would also effect the consistency. 



r. a 
Table H-5 Summary of Results: Evaluation of Environmental Impacts Proposed Facility Design at Solar Ponds Location' 

Criteria 

Human Health 
yv.10.1 

Environment 
Table IV.10-22 

Ecological Risk 
yv.10.2 

Air Quality 
§1V.10.3 

Ground Water 
Quality 
5IV.10.4 

~ ~ ~~ ~ ~ ~ 

Potential Impacts 

Minimize existing risks due to long-term potential exposure to surficial soil, vadose zone soil, materials from 080, and other remediation waste(inc1uding 
all soils and materials noted in the list of  wastes tentativelyplanned forplacement in the RWS9. 

Short-term risks due to worker exposure to remediation waste that exceed PRGs during remediation. 

Potential adverse effects to workers as a result of encountering unknown utilities or uncharacterized areas of high contamination. 

Risks to workers associated with soil excavation, relocation, treatment processes and construction activities (e.g., increased fugitive dust generation, 
increased transportation requirements) 

Temporary physical disruption of industrial area during construction; approximately I O  acres for RWSF affected by soil excavation, material staging, and 
construction activities 

Temporary physical disruption of borrow area used for clean fill material 

Increased local traffic requirements, increased dust generation during construction and possibly during operation, and increased potential for erosion due 
to changes in surface topography at both the construction area and borrow area 

Three small wetlands may require protection during construction, depending on the details of  the RWSF construction. Wetlands banking may be 
considered as a mitigation measure if the detailed design or in-field activities indicate impacts to the wetlands occur. Mitigation measures may be 
required for the Prebles Meadow Jumping Mouse, which is being considered for listing as a federal endangered species. No floodplains will be affected 

The area has been characterized as a highly disturbed industrial area which can support only the most hardy species of plants and animals. The natural 
environment at and adjacent to the RWSF site has been significantly altered by construction and operation of the SEPs (Solar Evaporation Ponds) and 
other industrial facilities .... It is highly probable that these construction activities will interfere with any existing vegetation and animal use of the site. 

Atmospheric dispersion calculations were prepared for the project proposed in the OU 4 Proposed IMARA-EA Decision Document. Those calculations 
demonstrate little risk due to exposure to site contaminants to remediation workers, on-site workers, or the public during construction. The original 
project included considerable excavation; the RWSF as currently envisioned will be constructed with less excavation and so should create less fugitive 
dust, 

Potential increase in PM,,, emissions at both the construction area and the borrow areas during construction 

Potential effect on local hydrogeology by reducing percolation and changing topography in a potential recharge area 

(Impacts specific to the design from the OU 4 DD have been omitted) 

lThis table summarized the results of the evaluations at the Solar Ponds location. For further information, see indicated portion of Section IV.10 and Table 
Iv.10-22 from the OU 4 Proposed IMARA-EA Decision Document (February, 1995). Some modifications from the OU 4 document are included in the RWSF; those 
modifications are noted by italics. 



I 

Criteria 

Table H-5 (continued) 

Surface Water 
Quality 
§lV.lO.S 

Irretrievable1 
Irreversible 
Commitment of 
Resources 
5IV.10.6 

Natural 
Phenomenon 
Mitigation1 
Mitigation 
Measures 
§1V.10.7 

Transportation 
§lV.10.8 

Short-term vs. 
Long-term 
$yV.l0.9 

Cultural/ 
Archeological 
Resources 
~lV.lO.10 

Cumulative 
Impacts 
yv.10.11 

Directllndirect 
Effects 
Table IV.10-22 

Potential Impacts 

No surface water bodies exist within the construction area 

Consolidation of soil contamination in the RWSF will minimize or eliminate precipitation run-off potentially contaminated by remediation wastes 

(Impacts specific to the design from the OU 4 DD have been omitted) 

Clean fill from borrow areas, construction materials, and area underneath and adjacent to the RWSF. No significant impact is expected in the selected site 
east of Solar Ponds since it is an IHSS and has already been impacted by previous and current industrial uses. 

The design proposed in the OU 4 DD and the final, capped form of the RWSF are similar. The OU 4 DD considered damage from excess snow loading, 
lightning strikes, tornado generated missile impacts, meteorite impacts, volcanism: these were found to be incredible or unlikely to cause damage. 
Glacial activity and reactivation of  the alluvial fan would not effect the site within the timespan of  1,000 years used in the evaluation. Wnd erosion and 
flooding would not damage the site. Eartbquake analysis suggested the conditions under which a seismically induced slope failure could occur. Several 
faults are known to exist in the vicinity of Rocky Flats. None of  the faults investigated to date have been found capable (movement within the last 1 
million years displacing alluvial sediments). DOE will investigate the RWSF for capable faults before finalizing the design and proceeding to construction. 

Minor increase in traffic volume and patterns during construction activities; negligible impact on surrounding transportation infrastructure 

Short-term interruption of industrial area and borrow area required to minimize potential risks associated with exposure to site contamination 

Construction of RWSFwill preclude unrestricted use of area underlying and adjacent to the RWSF 

No resources present 

Implementation of the preferred IMIlRA is consistent with the long-term mission of remediating the RFETS 

Implementing may Interfere slightly with other activities in progress at the RFETS 

(Impacts specific to the design from the OU 4 DD have been omitted) 

As described above 

Remediation of OU 4 sludges and other remediation wastes to be placed in the RWSF currently stored onsite will be expedited 

Short-term direct increase in remediation jobs; indirect job loss due to eliminating production functions at RFETS 
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